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 7KH ODWWHU WZR JHQHV DUH UHJXODWHG LQ DWHPSRUDOIDVKLRQZKHUHDVVLS9 DQGVLS8 DUHWUDQVFULEHGDWDORZFRQVWLWXWLYHOHYHOXQGHUDOO FRQGLWLRQV 7KH SODVPLGERUQH 6LS3 FDQ UHVFXH WKH RWKHUZLVH OHWKDO FRPELQDWLRQ RIVLS6 DQGVLS7 GHOHWLRQVZKHQH[SUHVVHGDWDKLJKOHYHO7MDOVPDHWDO)RXURIWKHILYH W\SH , VLJQDO SHSWLGDVHV LQ WKH JHQRPH RI% VXEWLOLV 6LS6 7 8 DQG 9 FORVHO\UHVHPEOHHDFKRWKHUDQGEHDUWKHVDPHPHPEUDQHWRSRORJ\7KHVHVLS JHQHVJLYHULVHWRWKH3W\SHSURWHLQVXVXDOO\IRXQGLQEDFWHULDZKHUHDV6LS:EHORQJVWRWKHIDPLO\RI(5W\SH VLJQDO SHSWLGDVHV PRVWO\ IRXQG LQ DUFKDHD DQG WKH HQGRSODVPDWLF UHWLFXOXP RIHXNDU\RWHV 7MDOVPD HW DO  7KH PDLQ GLIIHUHQFHV EHWZHHQ WKH WZR VXEIDPLOLHVUHVLGHLQWKHVSDFLQJRIER[HVRIFRQVHUYHGDPLQRDFLGUHVLGXHVDQGDVLQJOHFKDQJHRIDFRQVHUYHGO\VLQHIRUDKLVWLGLQHYDQ'LMOHWDO6LS:LVLQYROYHGLQWKHSURFHVVLQJRI D OLPLWHG QXPEHU RI VSRUXODWLRQVSHFLILF SUHFXUVRUVHJ WKH7DV$ SURWHLQZKLFK LVVHFUHWHG DQG VXEVHTXHQWO\ LQFRUSRUDWHG LQWR VSRUHV 6HUUDQR HW DO  6WRYHU DQG'ULNVD6WRYHUDQG'ULNVE6LQFH6LS:SHUIRUPVVXFKDVSHFLDOL]HGWDVNLWLVGLVSHQVDEOHIRUYHJHWDWLYHJURZWK$*UDPSRVLWLYHW\SH,,VLJQDOSHSWLGDVHJHQHZDVILUVWFORQHGIURP6DXUHXV E\FRPSOHPHQWDWLRQ RI D FRQGLWLRQDOO\ OHWKDO( FROL PXWDQW =KDR DQG:X  ,W LV DN'DPHPEUDQHSURWHLQZLWKIRXUWUDQVPHPEUDQHVHJPHQWV706,QFRQWUDVWWRWKHODUJH QXPEHU RI W\SH , VLJQDO SHSWLGDVHV WKH % VXEWLOLV FKURPRVRPH RQO\ FRQWDLQV DVLQJOHVLJQDOSHSWLGDVH,,JHQH OVS 3UDJDLHWDO6XUSULVLQJO\WKHGHOHWLRQRIWKLV
%VXEWLOLV 3URWHLQ6HFUHWLRQ0DFKLQHU\

JHQH \LHOGV D VWUDLQ WKDW LV YLDEOH DW LQWHUPHGLDWH EXW QRW DW ORZ RU KLJK JURZWKWHPSHUDWXUHV 7KH OVS QXOO VWUDLQ DFFXPXODWHV OLSRPRGLILHG SURWHLQV ZLWK PROHFXODUZHLJKWV FRUUHVSRQGLQJ WR SUHFXUVRU EXW DOVR WR PDWXUH IRUPV RI 3UV$ D OLSRSURWHLQLQYROYHGLQPDWXUDWLRQRIVRPHVHFUHWRU\SURWHLQV7MDOVPDHWDO'LVUXSWLRQRIWKHJHQH FRGLQJ IRU SUHOLSRSURWHLQ GLDF\OJ\FHURO WUDQVIHUDVH OJW UHVXOWV LQ 3UV$ DQG EODFWDPDVHSURWHLQVWKDWDUHQRWOLSRPRGLILHG$IWHUSURFHVVLQJWKHVHSURWHLQVDUHUHOHDVHGLQWRWKHPHGLXP/HVNHODHWDO8QOLNH(FROLDOVRD%VXEWLOLV VWUDLQODFNLQJWKHOJW JHQHLVQRUPDOO\YLDEOH8SRQSURFHVVLQJ WKHPDWXUH UHJLRQRI WKHSUHFXUVRUSURWHLQ LV UHOHDVHGDQG WKHUHPDLQLQJVLJQDOSHSWLGHLVGHJUDGHGE\VLJQDOSHSWLGHSHSWLGDVHV%VXEWLOLV FRQWDLQVWZRF\WRVROLFSURWHLQVZLWKVLPLODULW\WRWKHVLJQDOSHSWLGHSHSWLGDVHRI(FROLLH6SS$DQG7HS$ 'HOHWLRQ RI WKH VSS$ JHQH IURP WKH% VXEWLOLV FKURPRVRPH UHVXOWHG LQ D PLOGVHFUHWLRQ GHIHFW RQO\ XQGHU FRQGLWLRQV RI K\SHUVHFUHWLRQ ZKHUHDV WKH GHOHWLRQ RI WHS$FDXVHGDVHFUHWLRQGHIHFWDOVRXQGHUQRUPDOFRQGLWLRQV%ROKXLVHWDOD7HS$KDVEHHQQDPHG¦7UDQVORFDWLRQ(QKDQFLQJ3URWHLQ§ DV LQ LWV DEVHQFHD WUDQVORFDWLRQGHIHFWRFFXUVZKLFKPD\EHFDXVHGE\ WKHDFFXPXODWLRQRI UHOHDVHGVLJQDOSHSWLGHV WKDWFRXOGSRWHQWLDOO\ LQWHUIHUH ZLWK SURWHLQ VHFUHWLRQ 7KH H[DFW IDWH RI WKH VLJQDO SHSWLGH DIWHUSURFHVVLQJLVQRWNQRZQQRUKDVLWEHHQHVWDEOLVKHGLIDQGKRZ6SS$DQG7HS$DFWLQWKHUHPRYDORIWKHVHSHSWLGHV
7KHFRUHRIWKHVHFUHWLRQPDFKLQHU\
6HF$GULYHVWUDQVORFDWLRQ
6HF$ LV D SUHFXUVRU SURWHLQ VWLPXODWHG $73DVH WKDW SHUIRUPV D FHQWUDO UROH LQEDFWHULDOSURWHLQVHFUHWLRQDVLWLVWKHPROHFXODUPRWRUWKDWGULYHVWUDQVORFDWLRQ6HF$LVDKRPRGLPHULFSURWHLQZLWKD VXEXQLWPDVV RI DERXWN'D'XULQJ WKH ODVW IHZ\HDUVJHQHV FRGLQJ IRU 6HF$ KRPRORJV IURP PDQ\ GLIIHUHQW *UDPSRVLWLYH RUJDQLVPV KDYHEHHQFORQHG.OHLQHWDO%ODQFRHWDO.XQLRNDHWDO.RED\DVKLHWDO  7KH JHQH HQFRGLQJ% VXEWLOLV 6HF$ZDV LQLWLDOO\ LGHQWLILHG WKURXJK WKH GLYPXWDWLRQ WKDW UHVXOWV LQ D WHPSHUDWXUHGHSHQGHQW GHIHFW RI GLYLVLRQ VSRUXODWLRQFRPSHWHQFHDQGSURWHLQ VHFUHWLRQ 6DGDLHHWDO7DNDPDWVXHW DO $VDLHWDO8VLQJWKLVPXWDQWLWZDVVKRZQWKDWDERXWRIDOOSURWHLQVLQWKHFXOWXUHVXSHUQDWDQWRI%VXEWLOLV GHSHQGRQ6HF$IRUVHFUHWLRQ+LURVHHWDO7KHFRQGLWLRQDOGHIHFWRIWKHGLY$ PXWDWLRQFDQEHUHVWRUHGE\H[SUHVVLRQRIWKH%VXEWLOLV 6HF$EXWQRWE\WKH(FROL 6HF$7DNDPDWVXHWDO2QWKHRWKHUKDQGWKH%VXEWLOLV 6HF$LVDEOHWRVXSSUHVVWKHJURZWKDQGVHFUHWLRQGHIHFWVRI(FROL 6HF$FRQGLWLRQDOO\ OHWKDOPXWDQWVZKHQH[SUHVVHGDW D ORZ OHYHO .ORVHHW DO YDQGHU:RONHWDO7UXQFDWHGIRUPVRIWKH%VXEWLOLV 6HF$DQGFKLPHUDVRIWKH%VXEWLOLVDQG ( FROL 6HF$ KDYH EHHQ VKRZQ WR FRPSOHPHQW WKH JURZWK GHIHFW RI WKH ( FROLVHF$WVPXWDQWWKDWH[SUHVVHVDPDOIXQFWLRQLQJ6HF$SURWHLQ7DNDPDWVXHWDO0F1LFKRODVHWDO,WDSSHDUVWKDWWKH%VXEWLOLV DQG(FROL 6HF$DUHRQO\SDUWLDOO\H[FKDQJHDEOH LQGLFDWLQJ VRPH OHYHO RI VSHFLHVVSHFLILFLW\ ,Q YLYR VWXGLHV ZLWK VHF$JHQHVIURPRWKHURUJDQLVPVSRLQWLQWKHVDPHGLUHFWLRQDQGVXJJHVWWKDWEDUULHUEHWZHHQ*UDPSRVLWLYHRUJDQLVPVLVVPDOOHUWKDQWKDWEHWZHHQ*UDPSRVLWLYHDQG*UDPQHJDWLYH
&KDSWHU
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EDFWHULD .OHLQ HW DO  %ODQFR HW DO  ,Q YLWUR WUDQVORFDWLRQ RI % VXEWLOLVDONDOLQHSKRVSKDWDVHKDVGHPRQVWUDWHGWKDWLQVRPHFDVHV%VXEWLOLV 6HF$LVQHHGHGWRHIILFLHQWO\ GULYH SUHFXUVRU SURWHLQ WUDQVORFDWLRQ E\ WKH % VXEWLOLV 6HF<(* FRPSOH[6ZDYLQJ HW DO  FKDSWHU  7KH FRPELQDWLRQ RI% VXEWLOLV 6HF<(* DQG( FROL6HF$ZDVRQO\SDUWLDOO\DFWLYHIRUWUDQVORFDWLRQRIWKLVSUHFXUVRUZKHUHDVWKHFRPSOHWHO\KRPRORJRXV(FROL V\VWHPRSHUDWHGUDWKHUHIILFLHQW7KHUHDVRQIRUWKHVSHFLHVVSHFLILFLW\RI 6HF$ LV QRW HQWLUHO\ FOHDU 3RVVLEO\ LW UHODWHV WR D GHIHFWLYH LQWHUDFWLRQZLWK RQH RUPRUHRIWKHRWKHUFRPSRQHQWVRIWKHWUDQVORFDVHDQGRUSRRUUHFRJQLWLRQRIRQHRUPRUHHVVHQWLDOVHFUHWRU\SUHFXUVRUVLQWKHKHWHURORJRXVKRVWV6HF$ VHHPV WR IXQFWLRQ DV DPROHFXODUPRWRU WKDW FRXSOHV WKH HQHUJ\ RI$73ELQGLQJDQGK\GURO\VLVWRWKHVWHSZLVHWUDQVORFDWLRQRISUHFXUVRUSURWHLQVYDQGHU:RONHW DO  YDQ GHU:RON HW DO  3UHFXUVRUV DUH ERXQG E\ 6HF$ WKURXJK WKHLUVLJQDO SHSWLGH DQGPDWXUH GRPDLQ &XQQLQJKDP DQG:LFNQHU  /LOO HW DO .LPXUD HW DO  -RO\ DQG :LFNQHU  7KH 6HF$ SURWHLQ H[KLELWV D ORZHQGRJHQRXV$73DVHDFWLYLW\ZKLFKFDQEHVWLPXODWHGE\WKHSUHVHQFHRIPHPEUDQHVWKH6HF<(*FRPSOH[DQGSUHFXUVRUSURWHLQV/LOOHWDOYDQGHU:RONHWDOYDQ:HO\HWDOFKDSWHU:KHUHDVWKH(FROL 6HF$VKRZVKLJKDIILQLW\IRUERWKWKH(FROL DQG%VXEWLOLV 6HF<(*FRPSOH[WKH%VXEWLOLV 6HF$VHDPVWREHDUDPXFKORZHUDIILQLW\ IRU DQ\ RI WKHVH YDQ GHU:RON HW DO  6ZDYLQJ HW DO  FKDSWHU 1HYHUWKHOHVVWKLV ODWWHUFRPELQDWLRQRI6HF$DQG6HF<(*VXSSRUWV WKH WUDQVORFDWLRQRISUHFXUVRUSURWHLQV7LJKWELQGLQJRI6HF$WR6HF<(*PD\QRWEHQHHGHGIRUWKHSURSHUIXQFWLRQRI WKH% VXEWLOLV FRPSOH[EXW WKH IXQFWLRQDOFRQVHTXHQFHRI WKLVGLIIHUHQFH LQLQWHUDFWLRQUHPDLQVWREHHOXFLGDWHG6HF$FRQWDLQVWZRFRQVHUYHG$73ELQGLQJGRPDLQV)LJXUH.ORVHHWDOYDQ GHU :RON HW DO  YDQ GHU :RON HW DO  7KH KLJK DIILQLW\ QXFOHRWLGHELQGLQJVLWH 1%6, .G$'3| P0LV ORFDWHG LQ WKHDPLQRWHUPLQDO UHJLRQRI WKHSURWHLQDQGFRQWDLQVWKHW\SLFDO:DONHU$DQG%VHTXHQFHVLJQDWXUHV7KHORZDIILQLW\VLWH1%6,,.G$'3| P0UHVLGHVLQWKHFDUER[\WHUPLQDOKDOIRIWKHSRO\SHSWLGHDQGLWVVHTXHQFHLVVRPHZKDWGLYHUJHGIURPWKH:DONHU$DQG%VLWHV
)LJXUH6FKHPHRIWKHGRPDLQRUJDQL]DWLRQRIWKH%VXEWLOLV 6HF$$%DQG$%GHQRWHWKH:DONHU $ DQG %PRWLIV RI WKH QXFOHRWLGH ELQGLQJ VLWHV 1%6, DQG 1%6,, UHVSHFWLYHO\ 7KH.1PXWDWLRQDEROLVKLQJWKHWUDQVORFDWLRQ$73DVHLVLQGLFDWHGZLWKDQDVWHULVN
%VXEWLOLV 3URWHLQ6HFUHWLRQ0DFKLQHU\

7KHH[DFWPHFKDQLVPE\ZKLFK6HF$GULYHVSURWHLQWUDQVORFDWLRQLVRQO\SRRUO\XQGHUVWRRG0LFURFDORULPHWULF VWXGLHV RQ WKH% VXEWLOLV 6HF$SURWHLQ KDYH VKRZQ WKDWWKHSURWHLQFRQVLVWVRIWZRWKHUPRG\QDPLFDOO\GLVWLQFWGRPDLQVWKDWFRUUHVSRQGWRDPLQRDQGFDUER[\WHUPLQDOUHJLRQVRIWKHSURWHLQVGHQ%ODDXZHQHWDOGHQ%ODDXZHQHWDO  %LQGLQJ RI $'3 WR WKH DPLQRWHUPLQDO 1%6, ZDV VKRZQ WR VWDELOL]H WKHFDUER[\WHUPLQDOGRPDLQDQGSURPRWHVWKHIRUPDWLRQRIDPRUHFRPSDFWFRQIRUPDWLRQRI%VXEWLOLV 6HF$SURWHLQGHQ%ODDXZHQHWDO7KHVL]HRIWKHVHWZRGRPDLQVRI%VXEWLOLV 6HF$GLIIHUVIURPVWDEOHSURWHRO\WLFDOIUDJPHQWVWKDWFDQEHGHULYHGIURPWKH(FROL SURWHLQ LH DQDPLQRDQGFDUER[\WHUPLQDOUHJLRQRIDQGN'D UHVSHFWLYHO\3ULFHHWDO6WXGLHVZLWKWKH(FROL 6HF$VXJJHVWWKDWLWVFDUER[\WHUPLQDOUHJLRQSHQHWUDWHV WKH PHPEUDQH ZKHQ $73 LV ERXQG WR WKH SURWHLQ (FRQRPRX HW DO 'XRQJ DQG :LFNQHU E 7KH PHPEUDQHLQVHUWHG VWDWH RI 6HF$ LV VHQVHG E\ DQLQWUDPROHFXODU UHJXODWRU ORFDWHG LQ WKH FDUER[\WHUPLQDO  N'D IUDJPHQW DOORZLQJK\GURO\VLV RI $73 .DUDPDQRX HW DO  ,Q LWV $'3ERXQG VWDWH 6HF$ DGRSWV DVXUIDFHERXQGPHPEUDQHGHLQVHUWHGFRQIRUPDWLRQ%DVHGRQWKHVHILQGLQJVDPRGHOKDVEHHQSURSRVHGLQZKLFKELQGLQJDQGK\GURO\VLVRI$73DOWHUQDWHV6HF$EHWZHHQH[WHQGHGDQG FRPSDFW FRQIRUPDWLRQV DOORZLQJ WKH VWHSZLVH WUDQVORFDWLRQ RI SUHFXUVRU SURWHLQVHJPHQWV)LJXUHGHQ%ODDXZHQHWDOGHQ%ODDXZHQHWDO.DUDPDQRXHWDO 
)LJXUH0RGHOIRU6HF$GULYHQSURWHLQWUDQVORFDWLRQDFURVVWKHPHPEUDQH$'3ERXQG6HF$DQGSUHFXUVRU DUH DVVRFLDWHG RQ WKHPHPEUDQH DW WKH 6HF<(* FRPSOH[ D $'3 LV H[FKDQJHG IRU$73FKDQJLQJWKHFRQIRUPDWLRQRI6HF$DQGGULYLQJPHPEUDQHLQVHUWLRQ8SRQK\GURO\VLVRI$736HF$GHLQVHUWVIURPWKHPHPEUDQHDQGUHOHDVHVWKHERXQGSUHFXUVRU7KLVVWHSLVEORFNHGE\D]LGHQRQK\GURO\]DEOHDQDORJVRI$73DQGLQWKH.1PXWDQWWKDWLVXQDEOHWRK\GURO\VH$73)LQDOO\6HF$FDQUHELQGWKHSUHFXUVRUDQGUHWXUQWRWKHLQLWLDOSRVLWLRQE
&KDSWHU





3URWHLQV DUH QRW VHFUHWHG GLUHFWO\ WKURXJK WKH K\GURSKRELF HQYLURQPHQW RI WKHF\WRVROLF PHPEUDQH EXW WKURXJK DQ DTXHRXV FKDQQHO IRUPHG E\ WKH 6HF< 6HF( DQG6HF*SRO\SHSWLGHV%UXQGDJHHWDO$NLPDUXHWDO6HF<LVWKHODUJHVWVXEXQLWRIWKHPHPEUDQHGRPDLQRIWKHSURWHLQWUDQVORFDVH)LJXUH7KHVHF< JHQHFDQEHUHDGLO\LGHQWLILHGLQEDFWHULDWKURXJKWKHFRQVHUYHGORFDOL]DWLRQLQWKH VSFRSHURQ WKDW FRQWDLQV WKH JHQHV FRGLQJ IRU ULERVRPDO SURWHLQV 1DNDPXUDHW DOD.RLYXODHWDO7VFKDXGHUHWDO.RED\DVKLHWDO2VWLJX\HWDO ,QYROYHPHQW RI WKH% VXEWLOLV 6HF< LQ SURWHLQ VHFUHWLRQ FRXOG EH VKRZQ E\ LWVUHJXODWHG GHSOHWLRQ ZKLFK VWURQJO\ DIIHFWHG WKH JURZWK DQG VHFUHWLRQ RI D QXPEHU RIVHFUHWRU\ SURWHLQV %UHLWOLQJ HW DO  6HF< RI % VXEWLOLV LV D  DPLQR DFLGSRO\SHSWLGHWKDWOLNHDOORWKHUNQRZQ6HF<SURWHLQVLVSUHGLFWHGWRVSDQWKHF\WRSODVPLFPHPEUDQHWLPHVIRUUHYLHZVHH,WR7KH%VXEWLOLV 6HF<SURWHLQFDQVXSSRUWWKH H[SRUW RI VRPH SURWHLQV IURP DQ ( FROL VHF< WV PXWDQW DW WKH QRQSHUPLVVLYHWHPSHUDWXUH EXW WKH WZRSURWHLQV GR QRW DSSHDU WR EH FRPSOHWHO\ H[FKDQJHDEOH LQ YLYR1DNDPXUDHWDOE6XKHWDORULQYLWUR 6ZDYLQJHWDOFKDSWHU+LJKOHYHOH[SUHVVLRQRI%VXEWLOLV6HF<HYHQLQKLELWVJURZWKRI(FROL DWWKHSHUPLVVLYHWHPSHUDWXUHSUREDEO\GXHWRWLWUDWLRQRILWVREOLJDWRU\SDUWQHUSURWHLQ6HF(6HHEHORZ7KH VSRUXODWLRQGHILFHQF\ RI WKH % VXEWLOLV 6HF$ PXWDQW FDQ EH VXSSUHVVHG E\PXWDWLRQV LQ6HF<.RED\DVKLHWDO6WULNLQJO\ WKHVHPXWDWLRQV ORFDOL]HDW VLWHVWKDW FRUUHVSRQG WR WKH SUO$ VXSSUHVVRU SKHQRW\SH RI ( FROL 6HF< 3UO$ VXSSUHVVRUVUHVWRUHWKH WUDQVORFDWLRQRISUHFXUVRUVZLWKDGHIHFWLYHVLJQDOSHSWLGHE\SURPRWLQJ WKHLQWHUDFWLRQEHWZHHQ6HF<DQG6HF$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FRWUDQVODWLRQDO PRGH &ROOLHU D FRQFRPLWDQWO\ UHGXFLQJ WKH QHHG IRU 6HF% 7KLVVXJJHVWVWKDWWKHUHTXLUHPHQWIRUDFKDSHURQHLVQRWGHWHUPLQHGE\WKHSUHFXUVRUDORQHEXWDOVRE\ WKHPRGHRI VHFUHWLRQ ,W LVXQFOHDU LI6HF%DIIHFWV WKH VHFUHWLRQRIHQGRJHQRXVSURWHLQVLQ%VXEWLOLV:LWKUHVSHFWWRWKLV6HF%LVQRWHVVHQWLDOIRUYLDELOLW\RI(FROL,WLVQHHGHGRQO\IRUWKHVHFUHWLRQRIDVSHFLILFVXEVHWRISURWHLQV.XPDPRWRHWDOPDQ\RIZKLFKDUHRXWHUPHPEUDQHSURWHLQV,WKDVEHHQVXJJHVWHGWKDW6HF%LQSDUWLFXODUDFWVRQSURWHLQVWKDWKDYHDWHQGHQF\WRUDSLGO\IROGRUDJJUHJDWH'LDPRQGDQG5DQGDOO *UDPSRVLWLYH RUJDQLVPV ODFN DQ RXWHU PHPEUDQH DQG PDQ\ RI WKHLU VHFUHWHGSURWHLQVVHHPWRIROGVORZO\,Q%DFLOOXVPDQ\VHFUHWHGSURWHLQVIROGLQFRPSOHWHO\LQWKHDEVHQFH RI FDOFLXP 3HWLW*ODWURQ HW DO  +DGGDRXL HW DO  ZKHUHDV WKHSUHVHQFH RI FDOFLXP DW WKH H[WHUQDO VXUIDFH RI WKH FHOO DOORZV WKHP WR UDSLGO\ DGRSW DQDWLYH FRQIRUPDWLRQ 3HWLW*ODWURQ HW DO  /HORXS HW DO  6WHSKHQVRQ HW DO 6FUHHQLQJ RI D JHQH OLEUDU\ RI % VXEWLOLV FKURPRVRPDO '1$ IRUFRPSOHPHQWDWLRQRIWKH(FROL VHF$WVPXWDQWKDVUHVXOWHGLQWKHFORQLQJRIWKHFVD$JHQH 0OOHU HW DO  &VD$ LV D F\WRSODVPLF SURWHLQ WKDW LV FDSDEOH RIFRPSOHPHQWLQJ WKH JURZWK GHIHFW RI WKH( FROL VHF$WV 6HF%7Q QXOO GQD.GQD- DQGJUS( PXWDQWV0OOHUHWDO0OOHUHWDOE7KHSUHVHQFHRI&VD$ QRW RQO\ UHVWRUHV WKH JURZWK RI WKH VHF$WV PXWDQW EXW DOVR GLPLQLVKHV WKHF\WRVROLF DFFXPXODWLRQ RI SUHFXUVRUV DW WKH QRQSHUPLVVLYH WHPSHUDWXUH &VD$ DOVRUHVWRUHV WKH SURFHVVLQJ RI SUR2PS$ DQG SUHEODFWDPDVH 0OOHU HW DO D &VD$PD\ IXQFWLRQDV DPROHFXODU FKDSHURQH DV LW LV DEOH WRSUHYHQW WKHUPDO GHQDWXUDWLRQRIOXFLIHUDVHLQYLYR DQGLQYLWUR:LWKUHVSHFWWRWKLVSXULILHG&VD$LQWHUDFWVZLWKXQIROGHGSUHFXUVRU SURWHLQV DQG HYHQ LV UHSRUWHG WR ELQG WR 6HF$ 0OOHU HW DO E2Q WKHRWKHUKDQG GHSOHWLRQRI&VD$ UHVXOWV LQ WKH ORVV RIRQO\ D OLPLWHGQXPEHU RI VHFUHWRU\SURWHLQVIURPWKHFXOWXUHVXSHUQDWDQWDOWKRXJKGHOHWLRQRIWKHJHQHLVOHWKDO7KHUHIRUHDJHQHUDOUROHRI&VD$LQSURWHLQVHFUHWLRQLQ%VXEWLOLV UHPDLQVWREHGHPRQVWUDWHG
7KHVLJQDOUHFRJQLWLRQSDUWLFOHDQGLWVPRGXODUVWUXFWXUH
7KH WUDQVORFDWLRQ RI SUHFXUVRU SURWHLQV DFURVV WKH HQGRSODVPDWLF UHWLFXOXP RIHXNDU\RWHVGHSHQGVRQWKHVLJQDOUHFRJQLWLRQSDUWLFOH653653FRQVLVWVRIDQXPEHURISURWHLQVWKDWIRUPDFRPSOH[ZLWKD51$PROHFXOH:DOWHUDQG%OREHO7KH653LQWHUDFWV ZLWK WKH VLJQDO SHSWLGH RI D QDVFHQW SRO\SHSWLGH ZKHQ LW HPHUJHV IURP WKHULERVRPHDQGWDUJHWVWKHFRPSOHWHQDVFHQWFKDLQULERVRPHFRPSOH[WRWKH653UHFHSWRUDW WKH HQGRSODVPDWLF UHWLFXOXP PHPEUDQH &RQQROO\ DQG *LOOPRUH  $OVR LQSURNDU\RWHVKRPRORJVRIVRPHRIWKH653FRPSRQHQWVKDYHEHHQLGHQWLILHGEXWWKH653RISURNDU\RWHVVHHPVRIDOHVVHUFRPSOH[LW\WKDQLWVHXNDU\RWLFFRXQWHUSDUWV&HQWUDO WR WKH EDFWHULDO 653 LV DQ 51$ PROHFXOH ILUVW LGHQWLILHG DV VPDOOF\WRSODVPLF 51$ RU VF51$ 6WUXFN HW DO  7KH % VXEWLOLV VF51$ LV QXFOHRWLGHVORQJDQGFRQVLVWVRIWKUHHGRPDLQVZKLFKFRUUHVSRQGWRGRPDLQV,,,DQG,9RIWKHPDPPDOLDQ653651$6WXGLHVZLWKGHOHWLRQPXWDQWVUHYHDOHGWKDWRQO\GRPDLQ,9 LV UHTXLUHG IRUYHJHWDWLYHJURZWK 1LVKLJXFKLHWDOEXWGRPDLQV , DQG ,,DUHQHFHVVDU\WRSURPRWHVSRUXODWLRQ
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7KHVF51$IURP&ORVWULGLXPSHUIULJHQVWKDWKDVDSUHGLFWHGVHFRQGDU\VWUXFWXUHVLPLODU WR WKDW RI % VXEWLOLV DOORZV IRU ERWK JURZWK DQG VSRUXODWLRQ RI D % VXEWLOLVVF51$ PXWDQW 1DNDPXUD HW DO  ,Q FRQWUDVW WKH 6 51$ IURP ( FROL DQHTXLYDOHQWRIVF51$FDQVXSSRUWYHJHWDWLYHJURZWKRI%VXEWLOLV EXWQRWVSRUXODWLRQ7KH FHQWUDO SURWHLQ)IK DVVRFLDWHVZLWK VF51$ 7KH% VXEWLOLV )IKZDV IRXQGXVLQJ DQ( FROL '1$ IUDJPHQW DV D SUREH +RQGD HW DO  ,W LV D SURWHLQ RI DPLQRDFLGV WKDWVKRZVDZHOOGHILQHGGRPDLQVWUXFWXUH )LJXUH7KHDPLQRWHUPLQDOSDUWRIWKHSURWHLQFDOOHGWKH*GRPDLQFRQWDLQVWKUHH*73ELQGLQJPRWLIVDQGKDVEHHQVKRZQ WR LQWHUDFW ZLWK )WV< WKH 653 UHFHSWRU KRPRORJXH 3RZHUV DQG:DOWHU 0DFDR HW DO  )DUPHU\ HW DO  7KH FDUER[\WHUPLQDO 0GRPDLQ LV ULFK LQPHWKLRQLQHUHVLGXHVDQGFRQWDLQV WKUHHDPSKLSKDWLFKHOLFHV7KH ILUVWRI WKHVHKHOLFHV LVVLWXDWHGFORVHWRWKH*GRPDLQDQGPHGLDWHVWKHVSHFLILFELQGLQJRI)IKWRSUHFXUVRUVRIVHFUHWHGSURWHLQV7DNDPDWVXHWDO7KHRWKHUWZRKHOLFHVDUHLQFORVHYLFLQLW\WRWKHFDUER[\OWHUPLQXVDQGELQGWKHVF51$WRIRUPWKHVLJQDOUHFRJQLWLRQSDUWLFOH.XULWDHWDO
)LJXUH6FKHPHRIWKHGRPDLQRUJDQL]DWLRQRIWKH%VXEWLOLV )IKSURWHLQ7KHWKUHHSDUWVRIWKH*73ELQGLQJPRWLIWKHKHOLFDOGRPDLQV+++DQGWKHVLWHVRI)WV<SUHFXUVRUSURWHLQDQGVF51$LQWHUDFWLRQDUHLQGLFDWHG
8SRQ GHSOHWLRQ RI )IK DSSUR[LPDWHO\  RI H[WUDFHOOXODU SURWHLQV GLVDSSHDUIURPWKHFXOWXUHVXSHUQDWDQW+LURVHHWDO%DVHGRQWKLV)IKZDVVXJJHVWHGWREHD FHQWUDO FRPSRQHQW RI WKH JHQHUDO VHFUHWRU\ SDWKZD\ RI % VXEWLOLV +RZHYHU )IKGHSOHWLRQ PD\ LQGLUHFWO\ UHVXOW LQ SURWHLQ VHFUHWLRQ GHILFLHQF\ E\ DIIHFWLQJ PHPEUDQHLQVHUWLRQ RI HVVHQWLDO SURWHLQV VXFK DV 6HF< ,Q% VXEWLOLV )IK LV DQ HVVHQWLDO SURWHLQ2QO\WKHYHJDWLYHJURZWKRIDFRQGLWLRQDOO\OHWKDOPXWDQWRIWKH%VXEWLOLV IIK JHQHFDQEHUHVWRUHG E\ WKH( FROL )IK 3XULILHG% VXEWLOLV )IK FDQ EH VSHFLILFDOO\ FURVVOLQNHG WRSUHFXUVRUVRIEODFWDPDVH HTXLSSHGZLWKGLIIHUHQW VLJQDOSHSWLGHV LQ YLWUR EXWGRHVQRWLQWHUDFW ZLWK PDWXUH EODFWDPDVH %XQDL HW DO  7DNDPDWVX HW DO  7KHELQGLQJ WR WKHSUHFXUVRUVRI VHFUHWHGSURWHLQV LVDQ LQWULQVLFSURSHUW\RI WKHSURWHLQDQGGRHVQRW UHTXLUH VF51$ 7DNDPDWVXHWDO $ UHPDUNDEOHSURSHUW\RI% VXEWLOLV
&KDSWHU
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)IKLVWKDWLWELQGVWR6HF$ZLWKKLJKDIILQLW\7KHFRPSOH[RI)IKDQGSUHFXUVRULVXSWRIROGPRUHHIILFLHQWO\UHFRJQL]HGE\6HF$WKDQWKHSUHFXUVRUDORQH%XQDLHWDOLQ D IDVKLRQ UHPLQLVFHQW RI WKH6HF$ELQGLQJ WR WKHSUHFXUVRU6HF% FRPSOH[ LQ( FROL)HNNHV HW DO  ,W WKHUHIRUH DSSHDUV WKDW % VXEWLOLV )IK IXQFWLRQV DV D JHQHUDOWDUJHWLQJIDFWRUIRUVHFUHWRU\SURWHLQVZKHUHDVWKH(FROL 653SDWKZD\PDLQO\VHHPVWRIXQFWLRQLQWKHWDUJHWLQJRILQWHJUDOPHPEUDQHSURWHLQV8OEUDQGWHWDO6HOXDQRYDQG%LEL,Q(FROLWKHDELOLW\RISUHFXUVRUVWRLQWHUDFWZLWK)IKVHHPVWRGHSHQGRQWKHVLJQDOSHSWLGHZLWKDVWURQJSUHIHUHQFHIRUVOLJKWO\ORQJHUDQGPRUHK\GURSKRELFVLJQDOSHSWLGHV&KHQHWDO9DOHQWHWDO7KHUHODWLYHO\ORQJVLJQDOSHSWLGHVRI *UDPSRVLWLYH EDFWHULD ZRXOG IDYRXU WUDQVORFDWLRQ YLD WKH 653PHGLDWHG SDWKZD\SRVVLEO\ORZHULQJRUHYHQDEROLVKLQJWKHQHHGIRUFKDSHURQHDVVLVWHGWUDQVORFDWLRQ+%VX LV D KLVWRQHOLNH SURWHLQ RI  N'D WKDW ZDV IRXQG DV DQRWKHU ELQGLQJSDUWQHURI VF51$<DPD]DNLHWDO  FRQVWLWXWLQJDQRWKHUFRPSRQHQWRI WKH653/LNHWKHRWKHUFRPSRQHQWVRIWKH653+%VXLVHVVHQWLDOIRUJURZWKRI%VXEWLOLVEXWWKHH[DFWUROHRIWKLVSURWHLQLVXQUHVROYHGVRIDU
$UHFHSWRUIRUWKHVLJQDOUHFRJQLWLRQSDUWLFOH
$OWKRXJKWKH%VXEWLOLV653FDQIRUPDWHUQDU\FRPSOH[ZLWKDSUHFXUVRUSURWHLQDQG6HF$GLUHFWO\DQGWKXVVHHPVWRIXQFWLRQLQWDUJHWLQJDVSHFLILF653UHFHSWRULVDOVRSUHVHQWLQWKLVRUJDQLVP0LOOHUHWDO2JXURHWDO)WV<LVDKRPRORJRIWKH65D VXEXQLW RI WKH PDPPDOLDQ 653 UHFHSWRU EXW ODFNV WKH DPLQRWHUPLQDO PHPEUDQHDQFKRU GRPDLQ $ PXWDQW RI% VXEWLOLV LQ ZKLFK )WV< H[SUHVVLRQ LV FRQWUROOHG E\ DQ,37*GHSHQGHQWSURPRWHUVKRZVSRRUDQGILODPHQWRXVJURZWKLQWKHDEVHQFHRILQGXFHU2JXUR HW DO  ,Q WKLV VWUDLQ WKH NLQHWLFV RIEODFWDPDVH SURFHVVLQJ DUH ORZHUHGXSRQ)WV<GHSOHWLRQDQG WKHSUHFXUVRUDFFXPXODWHV LQVLGH WKHFHOO7KH IWV< JHQHVIURPVHYHUDO0\FRSODVPD VSHFLHVKDYHDOVREHHQFORQHGDQGIXQFWLRQDOO\H[SUHVVHGLQ(FROL/DGHIRJHG DQG &KULVWLDQVHQ  0DFDR HW DO  %LQGLQJ RI )IK WR )WV<VWLPXODWHVWKHHQGRJHQRXV*73DVHDFWLYLW\RI)WV<PDUNHGO\0DFDRHWDO7KLVDFWLYLW\UHTXLUHVWKHDPLQRWHUPLQDOSDUWRI)IKZKLFKE\LWVHOIDOVRDFWVDVD*73DVH7KHHIIHFWRIWKH)WV<SURWHLQRQWKHLQWHUDFWLRQEHWZHHQ)IKDQG6HF$LQ%VXEWLOLVKDVQRWEHHQLQYHVWLJDWHGVRIDU
3HULSODVPLFIROGLQJIDFWRUV
&RPSHWLWLRQEHWZHHQIROGLQJDQGGHJUDGDWLRQ
2QFH WKH VHFUHWRU\ SURWHLQ VWDUWV WR HPHUJH DW WKH H[WUDFHOOXODU VLGH RI WKHWUDQVORFDVH LW QHHGV WR IROG LQWR LWV DFWLYH FRQIRUPDWLRQ 6LQFH % VXEWLOLV FRQWDLQV DPXOWLWXGHRIH[WUDFHOOXODUSURWHLQDVHVQHZO\VHFUHWHGSURWHLQVUDSLGO\QHHGVWRDFTXLUHLWVDFWLYHQDWLYHFRQIRUPDWLRQDVWKHXQIROGHGVWDWHLVKLJKO\SURQHWRGHJUDGDWLRQ$ FRPSUHKHQVLYH JHQHWLF VFUHHQ RIPXWDQWV WKDW VKRZ D UHGXFHG HIILFLHQF\ RISURWHLQ VHFUHWLRQ KDV OHG WR WKH LGHQWLILFDWLRQ RI WKHSUV$ JHQH .RQWLQHQHW DO 3UV$LVDVHFUHWHGOLSRSURWHLQRIDPLQRDFLGVWKDWUHVLGHVRQWKHH[WUDFHOOXODUVLGHRIWKHPHPEUDQH7KHSURWHLQVKDUHV LGHQWLW\ZLWK3UW0RI/ ODFWLV DSURWHLQ WKDW LV
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HVVHQWLDO IRU WKHPDWXUDWLRQ RI WKH VHFUHWHG SURWHLQDVH 3UW3 +DDQGULNPDQ HW DO 9RVHWDO 3UV$PXWDQWVH[KLELWSOHLRWURSLF VHFUHWLRQGHIHFWV WKDW FRQFHUQPDQ\H[RSURWHLQV LQFOXGLQJ WKH SURWHDVH VXEWLOLVLQ DQG DDP\ODVH -DFREV HW DO .RQWLQHQDQG6DUYDV0XWDQWVRIOVS DQGOJWFRGLQJIRUSURWHLQVWKDWDUHLQYROYHGLQWKHOLSRPRGLILFDWLRQRI3UV$DOVRDIIHFWVHFUHWLRQ/HVNHODHWDO7MDOVPDHWDO 2YHUSURGXFWLRQ RI 3UV$ UHVXOWV LQ LQFUHDVHG \LHOGV RI KRPRORJRXV DV ZHOO DVKHWHURORJRXV VHFUHWRU\SURWHLQV .RQWLQHQDQG6DUYDV:XHWDO 6HFUHWHGSURWHLQV LQ DSUV$ PXWDQW DUH VXEMHFWHG WR DPDVVLYH GHJUDGDWLRQ -DFREV HW DO VXJJHVWLQJ WKDW 3UV$ DFWV DV DQ H[WUDFHOOXODU FKDSHURQH WKDW DVVLVWV VHFUHWHG SURWHLQV LQDFTXLULQJ WKHLU QDWLYH FRQIRUPDWLRQ3UV$DQG3UW0EHDU VRPHVHTXHQFH VLPLODULW\ WR DVPDOOSHSWLG\OSURO\OFLVWUDQVLVRPHUDVHIURP(FROLLQGLFDWLQJWKDWWKH\PD\EHORQJWRWKLV IDPLO\ RI FKDSHURQHV 5DKIHOG HW DO  6RIDU D SHSWLG\OSURO\O FLVWUDQVLVRPHUDVHDFWLYLW\RI3UV$KDVQRWEHHQELRFKHPLFDOO\GHPRQVWUDWHG$OWHUQDWLYHO\3UV$PD\SURWHFWVHFUHWHGSURWHLQVDJDLQVWGHJUDGDWLRQE\DFWLQJDVDQSURWHLQDVHLQKLELWRURUVKLHOGLQJWKHQHZO\VHFUHWHGSURWHLQVIURPWKHSURWHLQDVHV)RU DQ HIILFLHQW DFTXLVLWLRQ DQG PDLQWHQDQFH RI D QDWLYH FRQIRUPDWLRQ PDQ\SURWHLQVQHHGWKHIRUPDWLRQRIGLVXOSKLGHERQGV,QYLYR WKLVSURFHVVLVFDWDO\VHGE\WKLROGLVXOSKLGHR[LGRUHGXFWDVHV,Q%VXEWLOLVWKHUHLVRQO\RQHVHFUHWHGSURWHLQNQRZQWKDWFRQWDLQV D GLVXOSKLGH ERQG 7KLV LV &RP& D SURWHLQ WKDW LV LQYROYHG LQ QDWXUDOFRPSHWHQFH )RU WKH KHWHURORJRXV H[SUHVVLRQ DQG VHFUHWLRQ RI WKH ( FROL DONDOLQHSKRVSKDWDVHLQ%VXEWLOLV%GE%DQG%GE&DUHQHHGHGIRUVWDELOLW\DQGWKXVSUHVXPDEO\IRU WKH IRUPDWLRQ RI WKH WZR GLVXOSKLGH ERQGV %ROKXLV HW DO E( FROL 7(0EODFWDPDVHZLWKRQHGLVXOSKLGHERQGRQO\UHTXLUHV%GE&2QWKHEDVLVRIKRPRORJ\ZLWKWKH( FROL 'VE SURWHLQV %GE% DQG %GE& KDYH EHHQ SXWDWLYHO\ GHVLJQDWHG PHPEUDQHORFDOL]HGWKLROGLVXOSKLGHR[LGRUHGXFWDVHV7KHWKLUGSXWDWLYHHQ]\PHEHORQJLQJWRWKLVJURXS%GE$LVDVHFUHWHGSURWHLQZLWKDPROHFXODUZHLJKWRIN'D,WLVKRPRORJRXVWR% EUHYLV %GE DQ H[WUDFHOOXODU SURWHLQ IRU ZKLFK D WKLROGLVXOSKLGH R[LGRUHGXFWDVHDFWLYLW\KDVEHHQELRFKHPLFDOO\GHPRQVWUDWHG,VKLKDUDHWDO%GE$VHHPVQRWWREH QHHGHG IRU WKH GLVXOSKLGH ERQG IRUPDWLRQ LQ DONDOLQH SKRVSKDWDVH RU EODFWDPDVH0XWDWLRQRIDVLQJOHEGE JHQHLQ%VXEWLOLV GRHVQRWUHVXOWLQDQLQFUHDVHGVHQVLWLYLW\WRUHGXFLQJDJHQWVDVREVHUYHGIRU(FROL 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PJPO IRUPLQSUHFLSLWDWHGZLWK ZY WULFKORURDFHWLF DFLGZDVKHGZLWK DFHWRQH GLVVROYHG LQ 6'63$*( VDPSOHEXIIHU DQG DQDO\VHG E\  6'63$*( DQG DXWRUDGLRJUDSK\ 7UDQVORFDWLRQ $73DVHDFWLYLW\RIXUHDWUHDWHGPHPEUDQHYHVLFOHVZDVPHDVXUHGZLWKSUH$P\/PJPODQG%VXEWLOLV 6HF$PJPODVGHVFULEHG/LOOHWDO$QDO\WLFDOPHWKRGV 3URWHLQFRQFHQWUDWLRQVZHUHGHWHUPLQHGE\ WKHPHWKRGRI/RZU\/RZU\HWDOXVLQJ%6$DVVWDQGDUG
5(68/76
,VRODWLRQ DQG SXULILFDWLRQ RI SUHDDP\ODVH 7R GHYHORS DQ LQ YLWURWUDQVORFDWLRQV\VWHPIRUWKHDQDO\VLVRISURWHLQH[SRUWLQ%DFLOOXVVXEWLOLVWKHSUHFXUVRURIWKH % OLFKHQLIRUPLV DDP\ODVH SUH$P\/ ZDV LVRODWHG 7KLV SURWHLQ LV HIILFLHQWO\VHFUHWHGE\YDULRXV%DFLOOXV VSHFLHV7VXNDJRVKLHWDO6LEDNRY$KLVWDJZDV IXVHG WR WKH DPLQRWHUPLQXV RI SUH$P\/ WR IDFLOLWDWH SXULILFDWLRQ RI WKH SUHFXUVRUIRUP 7KH JHQH ZDV SODFHG XQGHU FRQWURO RI DQ LVRSURS\OWKLRE'JDODFWRS\UDQRVLGHLQGXFLEOH SURPRWHU RI WKH( FROL S75&D H[SUHVVLRQ YHFWRU8QGHU FRQGLWLRQVZKHUHSURWHLQVHFUHWLRQLQ(FROL ZDVEORFNHGE\WKHSUHVHQFHRIP0D]LGHODUJHDPRXQWVRISUH$P\/DFFXPXODWHGLQLQFOXVLRQERGLHV
,QYLWUR 7UDQVORFDWLRQ

:KHQ WKH LQGXFWLRQ ZDV SUHIRUPHG LQ WKH DEVHQFH RI D]LGH SUH$P\/ ZDVSURFHVVHGDQGVHFUHWHGDVGHWHFWHGE\KDORIRUPDWLRQRQVWDUFKFRQWDLQLQJPHGLDGDWDQRWVKRZQ7KHLQFOXVLRQERGLHVZHUHH[WUDFWHGZLWK0XUHDDQGWKHGHQDWXUHGKLVWDJJHGSUH$P\/ZDVSXULILHGE\1LQLWULORWULDFHWDWHDIILQLW\FKURPDWRJUDSK\)LJ$
)LJXUH3XULILFDWLRQRIKH[DKLVWLGLQHWDJJHGSUH$P\/$&RRPDVVLHVWDLQHG6'63$*(RIWKHFHOOO\VDWHRI(FROL '+D KDUERULQJSODVPLGS(7DQGLQGXFHGIRUSUH$P\/H[SUHVVLRQODQH LVRODWHG LQFOXVLRQ ERGLHV ODQH  WKH 1LQLWULORWULDFHWDWH DIILQLW\ FROXPQ FKURPDWRJUDSK\IUDFWLRQ RI WKHZDVK ODQH  DQG WKH HOXWLRQZLWK P0 LPLGD]ROH ODQH  7KH SRVLWLRQ RISUH$P\/ LV LQGLFDWHG % ,PPXQREORWV RI P0 LPLGD]ROH HOXWHG IUDFWLRQ GHYHORSHGZLWK DS$EGLUHFWHGDJDLQVWDDP\ODVHDQGDP$EGLUHFWHGDJDLQVWWKHKH[DKLVWLGLQHWDJ
7KH SURWHLQ HOXWHG IURP WKH FROXPQ DW DQ LPLGD]ROH FRQFHQWUDWLRQ DERYH P0ZKHUHDVPRVWFRQWDPLQDQWVLQFOXGLQJWKHPDWXUH$P\/HOXWHGIURPWKHFROXPQDWORZHU LPLGD]ROH FRQFHQWUDWLRQV )LJ $7KH SUHVHQFH RI WKH KLVWDJ DQG WKHUHE\ WKHVLJQDO SHSWLGH ZDV FRQILUPHG E\ ZHVWHUQ EORW DQDO\VLV XVLQJ D S$E GLUHFWHG DJDLQVW$P\/)LJ%ODQHDQGDP$EGLUHFWHGDJDLQVWWKHKLVWDJODQH7KHDOWHUQDWLYHSUHFXUVRU SUH3KR%ZDV SXULILHG XVLQJ WKH VDPHPHWKRG )LJ % ODQH 6LQFHPDWXUHSURWHLQVDUHDEVHQW WKLVPHWKRGHIILFLHQWO\DOORZVIRU WKHSXULILFDWLRQRIXUHDGHQDWXUHGSUHFXUVRUVWRQHDUKRPRJHQHLW\LQDVLQJOHVWHS
&KDSWHU

3URWHDVHLQKLELWRUVDUHQHHGHGIRULVRODWLRQRIPHPEUDQHYHVLFOHVFRQWDLQLQJLQWDFW6HF<%VXEWLOLV SURGXFHVPDQ\H[WUDFHOOXODUSURWHLQDVHVZKLFKPD\SRVHDPDMRUSUREOHPIRUWKHLVRODWLRQRIPHPEUDQHYHVLFOHVFRPSHWHQWRISUHSURWHLQWUDQVORFDWLRQ7RUHGXFHWKHSURWHDVHDFWLYLW\PHPEUDQHVZHUHLVRODWHGIURP%VXEWLOLV VWUDLQ'%WKDWODFNV WKH DONDOLQHSURWHLQDVH DQG WKDW LVGHILFLHQW LQ WKHQHXWUDOSURWHLQDVH <DQJHW DO7KHVHFRPELQHGPXWDWLRQVOHDGWRDSURWHDVHDFWLYLW\WKDWLVUHGXFHGWRRQO\RI ZLOGW\SH OHYHOV ,Q DGGLWLRQ WKH LVRODWLRQ PHWKRG ZDV RSWLPLVHG IRU VSHHG $IWHUKDUYHVWLQJ FHOOVZHUH VXEMHFWHG WR)UHQFKSUHVVXUH FHOO WUHDWPHQW DQGPHPEUDQHVZHUHFROOHFWHG E\ GLIIHUHQWLDO FHQWULIXJDWLRQ$IWHU VHGLPHQWDWLRQ RI XQEURNHQ FHOOV DQGZDOOPDWHULDOPHPEUDQHVZHUHUHFRYHUHGIURPWKHVXSHUQDWDQWE\KLJKVSHHGFHQWULIXJDWLRQ
7KH LQWHJULW\ RI 6HF< DQG 6HF$ ZDV GHWHUPLQHG E\ 6'63$*( DQGLPPXQREORWWLQJ$OWKRXJKWKHWRWDOSUHSDUDWLRQWLPHZDVOHVVWKDQWKUHHKRXUVDQGGHVSLWHWKHXVHRIVWUDLQ'%6HF<ZDVFRPSOHWHO\GHJUDGHGZKLOH6HF$DSSHDUHGVWDEOH)LJ OHIWSDQHO7KHSUHVHQFHRI&RPSOHWHDSURWHDVHLQKLELWRUFRFNWDLO WKURXJKRXWWKHPHPEUDQH YHVLFOH SUHSDUDWLRQ UHGXFHG WKH SURWHRO\VLV RI6HF<GUDVWLFDOO\ )LJ  ULJKWSDQHO :KHQ WKH 0DUEXUJ VWUDLQ  WKDW SURGXFHV ZLOGW\SH OHYHOV RI H[WUDFHOOXODUSURWHLQDVHVZDVXVHGLWZDVQRWSRVVLEOHWRREWDLQPHPEUDQHYHVLFOHVEHDULQJLQWDFW6HF<GDWD QRW VKRZQ 7KHVH GDWD GHPRQVWUDWH WKDW WKH % VXEWLOLV 6HF< SURWHLQ LV KLJKO\VXVFHSWLEOH WR SURWHLQDVH GLJHVWLRQ DQG WKDW LQWDFW 6HF< FDQ RQO\ EH REWDLQHG ZKHQSURWHRO\VLV LV HIILFLHQWO\SUHYHQWHGE\ WKHXVHRIDSURWHLQDVHGHILFLHQW% VXEWLOLV VWUDLQDQGDJHQHUDOSURWHLQDVHLQKLELWRUFRFNWDLO
)LJXUH6WDELOLW\RI6HF<DQG6HF$LQ% VXEWLOLV '%PHPEUDQH YHVLFOHV% VXEWLOLV PHPEUDQH YHVLFOHV ZHUHSUHSDUHG LQ DEVHQFH RU SUHVHQFH RISURWHDVHLQKLELWRUFRFNWDLO&RPSOHWHDQG DIWHU 6'63$*( EORWWHG RQSRO\YLQ\OLGHQHGLIOXRULGH PHPEUDQHV,PPXQREORWV ZHUH GHYHORSHG ZLWK DS$E GLUHFWHG DJDLQVW D V\QWKHWLFSHSWLGH FRUUHVSRQGLQJ WR D 6HF<GRPDLQ ODQHV  DQG  DQG D S$EDJDLQVW6HF$ODQHVDQG6HF<DQG6HF$DUH LQGLFDWHGZLWKDQDUURZDQGWKH 6HF< SURWHRO\WLF IUDJPHQWV DUHLQGLFDWHGE\DEUDFNHW
,QYLWUR 7UDQVORFDWLRQ

3UH$P\/ VWLPXODWHV WKH 6HF$ WUDQVORFDWLRQ $73DVH DFWLYLW\ 7R DVVD\ZKHWKHUSXULILHGKLVWDJJHGSUH$P\/)LJ%VWLPXODWHVWKH$73K\GURO\VLVE\6HF$PHPEUDQHYHVLFOHVZHUHH[WUDFWHGZLWKXUHDWRLQDFWLYDWHWKHHQGRJHQRXV6HF$DQG))$73DVHV+DVDQDQG5RVHQ&XQQLQJKDPHWDODQGLQFXEDWHGZLWK$73LQWKHSUHVHQFHRUDEVHQFHRI6HF$DQGSUH$P\/)LJ7KHORZOHYHO$73DVHDFWLYLW\RIWKHXUHDWUHDWHGPHPEUDQHYHVLFOHVODQHZDVHQKDQFHGXSRQWKHDGGLWLRQRI%VXEWLOLV6HF$ ODQH  DQG IXUWKHU VWLPXODWHG E\ SUH$P\/7KHVH GDWD GHPRQVWUDWH WKDW WKH%VXEWLOLV PHPEUDQHYHVLFOHVVXSSRUWWKHSUHSURWHLQVWLPXODWHG$73DVHDFWLYLW\RI6HF$
$73 DQG SURWRQ PRWLYHIRUFH GHSHQGHQW WUDQVORFDWLRQ RI SUH$P\/ LQWR%DFLOOXV VXEWLOLV PHPEUDQH YHVLFOHV )RU WKH WUDQVORFDWLRQ VWXGLHV SUH$P\/ ZDVLRGLQDWHGZLWK ,8UHDGHQDWXUHG ,SUH$P\/ DERXW Q0ILQDO FRQFHQWUDWLRQZDVVXEVHTXHQWO\ GLOXWHG LQWR D EXIIHU FRQWDLQLQJ QDWLYH% VXEWLOLV PHPEUDQH YHVLFOHV DQGWUDQVORFDWLRQ ZDV LQLWLDWHG E\ WKH DGGLWLRQ RI 0J$73 $IWHU  PLQ RI LQFXEDWLRQWUDQVORFDWLRQZDV DVVD\HG E\ WKH DPRXQW RI SURWHLQDVH. UHVLVWDQW ,SUH$P\/ XVLQJ6'63$*(DQGDXWRUDGLRJUDSK\,QWKHSUHVHQFHRI$73DFRQVLGHUDEOHDPRXQWRIWKH,SUH$P\/ DERXW   RI DGGHG ODEHO EHFDPH SURWHFWHG IRU GHJUDGDWLRQ E\SURWHLQDVH)LJ$ODQH:KHQWKHPHPEUDQHYHVLFOHVODQHRU$73)LJODQHZHUHRPLWWHGIURPWKHUHDFWLRQQRSURWHLQDVHUHVLVWDQW,SUH$P\/ZDVREVHUYHG
)LJXUH7UDQVORFDWLRQ$73DVH DVVD\8UHDWUHDWHG % VXEWLOLV PHPEUDQHYHVLFOHVZHUHLQFXEDWHGLQWKHSUHVHQFHRI  P0 $73 LQ WKH DEVHQFH RUSUHVHQFH RI 6HF$ DQG SUH$P\/ DW DFRQFHQWUDWLRQ RI PJPO HDFK $IWHULQFXEDWLRQIRUPLQDWq&UHDFWLRQVZHUH VWRSSHG E\ FKLOOLQJ RQ LFH DQGWKH DPRXQW RI UHOHDVHG LQRUJDQLFSKRVSKDWH ZDV GHWHUPLQHG 6WDQGDUGHUURUV RI WKH PHDQ DUH RI WKUHHH[SHULPHQWV
&KDSWHU

2EYLRXVO\WKHORZDPRXQWRISURWHDVHLQKLELWRUVVWLOOSUHVHQWLQWKHWUDQVORFDWLRQUHDFWLRQGRHVQRWLQWHUIHUHZLWKSURWHLQDVH.DFWLYLW\7UDQVORFDWLRQRISUH$P\/LQWRWKHQDWLYH PHPEUDQH YHVLFOHV ZDV HYHQ IXUWKHU VWLPXODWHG E\ WKH DGGLWLRQ RI SXULILHG %VXEWLOLV 6HF$SURWHLQ)LJ$ODQH:KHQPHPEUDQHYHVLFOHVSUHSDUHGRIVWUDLQRU RI VWUDLQ '% ZLWKRXW &RPSOHWH ZHUH XVHG QR SURWHLQDVHSURWHFWHG SUH$P\/FRXOGEHGHWHFWHGGDWDQRWVKRZQ
)LJXUH  7UDQVORFDWLRQ DQG SURFHVVLQJ RI SUHFXUVRUV E\PHPEUDQH YHVLFOHV RI% VXEWLOLV VWUDLQ'% 7UDQVORFDWLRQ RI ,SUH$P\/ $ LQ WKH SUHVHQFH RI  P0 $73 DV GHVFULEHG LQ WKH0DWHULDOV DQG 0HWKRGV VHFWLRQ $V LQGLFDWHG UHDFWLRQV ZHUH VXSSOHPHQWHG ZLWK $03313 P0 VRGLXP D]LGH  P0 &&&3  P0 DQG SXULILHG % VXEWLOLV 6HF$  PJPO7UDQVORFDWLRQDQGSURFHVVLQJRI ,SUH3KR% %7UDQVORFDWLRQ UHDFWLRQVZHUHSHUIRUPHG LQ WKHDEVHQFH ODQH  RU SUHVHQFH ODQH  RI YHVLFOHV$IWHU WUDQVORFDWLRQ VDPSOHVZHUH WUHDWHGZLWKSURWHLQDVH.DQGDQDO\VHGRUDQDO\VHGGLUHFWO\RIUHDFWLRQODQH




>E JLPLGR@WULSKRVSKDWH )LJ $ ODQHV  $W KLJKHU $73FRQFHQWUDWLRQ LH P0 LQVWHDG RI P0 WKH $03313ZDV IDU OHVV HIILFLHQW DV DQLQKLELWRUGDWDQRWVKRZQ3URWHLQH[SRUWLQ%VXEWLOLV VWULFWO\UHTXLUHVWKHSURWRQPRWLYHIRUFH 0XUHQ DQG 5DQGDOO  0HHQV HW DO  7KH XQFRXSOHU &&&3FDUERQ\OF\DQLGHSWULIOXRURPHWKR[\SKHQ\OK\GUD]RQHP0HIIHFWLYHO\LQKLELWHGWKH$73GHSHQGHQWSUH$P\/WUDQVORFDWLRQ UHDFWLRQ ODQH$Q LQFUHDVHGFRQFHQWUDWLRQRI$73 FRXOG QRW UHOLHI WKH LQKLELWRU\ HIIHFW RI &&&3 ODQH  EXW LQKLELWLRQ ZDVHIILFLHQWO\SUHYHQWHGE\DQH[FHVVRISXULILHG%VXEWLOLV 6HF$ODQHDQG7KHVHGDWDVXJJHVWWKDWWKHLQYLWUR WUDQVORFDWLRQUHDFWLRQH[KLELWVWKHVDPHHQHUJHWLFUHTXLUHPHQWVDVLQYLYR SURWHLQH[SRUW3URFHVVLQJRISUH3KR%'XHWRWKHGLIIXVHVLJQDOFDXVHGE\WKH,ODEHODQGWKHODUJHVL]HRIWKHSUH$P\/LHN'DLWZDVQRWSRVVLEOHWRVHSDUDWHWKHSUHFXUVRUDQGPDWXUH$P\/RQWKH6'63$*(XVHG)LJ$7RGHPRQVWUDWHSURFHVVLQJRIWKHVLJQDOSHSWLGHWUDQVORFDWLRQH[SHULPHQWVZHUHFDUULHGRXWZLWK%VXEWLOLV SUH3KR%DVSUHFXUVRU)LJ % 8SRQ WUDQVORFDWLRQ DERXW  RI WKH SURWHDVHSURWHFWHG SURWHLQ KDV EHHQSURFHVVHGWRDIRUPZLWKKLJKHUPRELOLW\VKRZLQJWKDWWKHLVRODWHGYHVLFOHVDUHFDSDEOHRIFOHDYLQJWKHVLJQDOSHSWLGHFRQFRPLWDQWZLWKWUDQVORFDWLRQ
7UDQVORFDWLRQ RI SUH$P\/ LV 6HF$GHSHQGHQW 'XH WR WKH SUHVHQFH RIHQGRJHQRXV 6HF$ D VWULFW 6HF$ UHTXLUHPHQW LV GLIILFXOW WR GHPRQVWUDWH ZLWK QDWLYHPHPEUDQH YHVLFOHV 7KHUHIRUH WKH HIIHFW RI D]LGH RQ WKH SUH$P\/ WUDQVORFDWLRQ ZDVGHWHUPLQHG$]LGHHIILFLHQWO\EORFNVSURWHLQH[SRUWLQ(FROL 2OLYHUHWDODQGDWKLJKHUFRQFHQWUDWLRQV DOVR LQ % VXEWLOLV 1DNDQHHWDO.OHLQHWDO  FHOOV$]LGH EORFNV WKH WUDQVORFDWLRQ $73DVH DFWLYLW\ RI 6HF$ 2OLYHU HW DO  DQG E\SUHYHQWLQJ K\GURO\VLV RI$73 LW WUDSV WKH 6HF$ LQ DPHPEUDQHLQVHUWHG VWDWH YDQ GHU:RON HW DO  $GGLWLRQ RI  P0 VRGLXP D]LGH FRPSOHWHO\ LQKLELWHG WKH $73GHSHQGHQW WUDQVORFDWLRQ RI SUH$P\/ LQWR % VXEWLOLV PHPEUDQH YHVLFOHV ERWK LQ WKHDEVHQFH DQG SUHVHQFH RI DQ H[FHVV RI SXULILHG 6HF$ SURWHLQ )LJ $ ODQHV  DQG 7KHVH GDWD LQGLUHFWO\ VXJJHVW WKDW SUH$P\/ WUDQVORFDWLRQ LQWR % VXEWLOLV PHPEUDQHYHVLFOHVLV6HF$GHSHQGHQW
)LJXUH  7UDQVORFDWLRQ RI SUH$P\/ LV 6HF$ GHSHQGHQW ,SUH$P\/ WUDQVORFDWLRQ UHDFWLRQVZHUH SHUIRUPHG ZLWK QDWLYH $DQG XUHDWUHDWHG % PHPEUDQHYHVLFOHVRI%VXEWLOLV VWUDLQ'%DV GHVFULEHG LQ WKH 0DWHULDOV DQG0HWKRGV VHFWLRQ $V LQGLFDWHGUHDFWLRQV ZHUH VXSSOHPHQWHG ZLWKSXULILHG%VXEWLOLV RU(FROL 6HF$PJPODQG$73P0
&KDSWHU

7R HVWDEOLVK GLUHFWO\ WKH 6HF$ UHTXLUHPHQW H[SHULPHQWV ZLWK SHUIRUPHG ZLWKXUHDWUHDWHGPHPEUDQH YHVLFOHV 7KLV WUHDWPHQW LQDFWLYDWHV WKH PHPEUDQHERXQG 6HF$DQGUHQGHUVWKHWUDQVORFDWLRQUHDFWLRQLQ(FROL LQQHUPHPEUDQHYHVLFOHVGHSHQGHQWRQWKHDGGLWLRQ RI SXULILHG 6HF$ &XQQLQJKDP HW DO  8UHDWUHDWPHQW RI % VXEWLOLVYHVLFOHV FRPSOHWHO\ DEROLVKHG WKH WUDQVORFDWLRQ DFWLYLW\ &RPSDUH )LJ $ ZLWK %+RZHYHUDGGLWLRQRISXULILHG%VXEWLOLV 6HF$WRWKHVHPHPEUDQHVUHVWRUHGWUDQVORFDWLRQRQO\WRDORZOHYHO)LJ%ODQH,QFRQWUDVWDGGLWLRQRISXULILHG(FROL 6HF$UHVXOWHGLQDPDUNHGVWLPXODWLRQRIWUDQVORFDWLRQ)LJ%ODQHHYHQWKRXJKLWKDGOLWWOHHIIHFWRQ WKH WUDQVORFDWLRQ DFWLYLW\ RI QRQXUHD WUHDWHG PHPEUDQH YHVLFOHV )LJ $ 7DNHQWRJHWKHUWKHVHGDWDVXJJHVWWKDW6HF$LVDQHVVHQWLDOFRPSRQHQWRIWKH%VXEWLOLV SURWHLQVHFUHWLRQDSSDUDWXVEXW WKDWXUHDH[WUDFWVRU LQDFWLYDWHVRWKHU IDFWRUV WKDW DUHQHHGHG WRUHVWRUHSURWHLQWUDQVORFDWLRQWRWKHOHYHOIRXQGIRUQDWLYHPHPEUDQHV
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'XH WR WKH ODFNRID IXQFWLRQDO LQYLWUR SURWHLQ WUDQVORFDWLRQ V\VWHPVWXGLHVRQWKHPHFKDQLVPRISURWHLQVHFUHWLRQLQ%DFLOOXVVXEWLOLV XSWRQRZKDGWRUHO\RQ LQYLYRSXOVHFKDVH H[SHULPHQWV :LWK WKH LQ YLYR WHFKQLTXHV WUDQVORFDWLRQ LV XVXDOO\ DVVD\HGLQGLUHFWO\ E\ WKH SURFHVVLQJ RI WKH SUHSURWHLQ ZKLOH IRU WKH GHPRQVWUDWLRQ RI WUXHVHFUHWLRQPRUHHODERUDWHSURWHRO\VLVWHFKQLTXHVKDYHWREHHPSOR\HGWKDWLQFOXGHUHPRYDORI WKH FHOOZDOO$QRWKHU DSSURDFK RI WKH LQ YLYR VWXGLHV LV WKDW GXH WR WKH SUHVHQFH RIH[WUDFHOOXODUSURWHDVHVGHJUDGDWLRQRIWKHSDUWLDOO\WUDQVORFDWHGSURWHLQVRFFXUV%DQH\[DQG*HRUJLRX1DNDPXUDHWDO:RQJHWDO0HHQVHWDO:HQRZ KDYH GHYHORSHG DQ LQ YLWUR V\VWHP IRU SUHSURWHLQ WUDQVORFDWLRQ LQWR % VXEWLOLVPHPEUDQHYHVLFOHVFDSDEOHRIWUDQVORFDWLQJDQGSURFHVVLQJSUHFXUVRUVZLWKDQHIILFLHQF\FRPSDUDEOHWRWKH(FROL V\VWHP&XQQLQJKDPHWDO7KLVQHZO\GHVFULEHGV\VWHPPDNHVXVHRISXULILHGF\WRVROLFFRPSRQHQWVDQGSUHSURWHLQVDQGWKXVFDQQRZEHXVHGLQDV\VWHPDWLFPDQQHUIRUWKHDQDO\VLVRIWKHIXQFWLRQLQJDQGVSHFLILFLW\RIWKHWUDQVORFDVHRI%VXEWLOLVDQGLWVFRPSDUDWLYHDQDO\VLVZLWKWKHZHOOHVWDEOLVKHG(FROLWUDQVORFDVH2QH PDMRU FDXVH RI WKH LQDELOLW\ WR IXQFWLRQDOO\ UHFRQVWLWXWH SUHSURWHLQWUDQVORFDWLRQ IURP % VXEWLOLV PHPEUDQHV LV WKH KLJK SURWHDVH VXVFHSWLELOLW\ RI 6HF<$OWKRXJKZHKDYHQRWLGHQWLILHGWKHSURWHRO\WLFDFWLYLW\UHVSRQVLEOHIRUWKLVGHJUDGDWLRQLW LV OLNHO\FDXVHGE\RQHRUPRUHRI WKHVHFUHWRU\SURWHDVHV6WUDLQ'%ZKLFK ODFNVWKH DONDOLQH SURWHLQDVH DQG ZKLFK LV GHILFLHQW LQ QHXWUDO SURWHLQDVH VWLOO FRQWDLQV DVXEVWDQWLDO SURWHRO\WLF DFWLYLW\ 6HF< FRXOG EH UHFRYHUHG LQ DQ LQWDFW IRUP ZKHQ WKHPHPEUDQHYHVLFOHLVRODWLRQSURFHGXUHZDVFDUULHGRXWLQWKHSUHVHQFHRIWKH&RPSOHWHSURWHDVH LQKLELWRU FRFNWDLO &RPSOHWH LV D FRPPHUFLDO SURGXFW ZLWK DQ XQNQRZQFRPSRVLWLRQEXWLVLQSDUWLFXODUDFWLYHDJDLQVWHQGRSURWHLQDVHV,WLVLPSRUWDQWWRQRWHWKDWWKH&RPSOHWHKDGWREHXVHGDWWKHVWDJHRIUHVXVSHQGLQJWKHFHOOVDQGRQZDUGV2QWKHRWKHU KDQG 6HF$ WKH SHULSKHUDO VXEXQLW RI WKH WUDQVORFDVH FRXOG EH UHFRYHUHG LQ DQLQWDFW PDQQHU LUUHVSHFWLYH RI WKH XVH RI &RPSOHWH GXULQJ WKH PHPEUDQH LVRODWLRQSURWRFRO 7KLV PHWKRG PD\ DOVR EH XVHIXO IRU WKH VWXG\ RI RWKHU PHPEUDQHDVVRFLDWHGHQ]\PHVDQGSURFHVVHVVXFKDVVROXWHWUDQVSRUW7KH VWXGLHVZLWK WKH% VXEWLOLV PHPEUDQH YHVLFOHVQRZDOORZXV WRHVWDEOLVKDQXPEHU SURPLQHQW IHDWXUHV RI WKH SUHSURWHLQ WUDQVORFDWLRQ UHDFWLRQ ([SRUW RI SURWHLQV
,QYLWUR 7UDQVORFDWLRQ
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IURP%DFLOOL KDV EHHQ VKRZQ WR EH VHQVLWLYH WR D]LGH 0HHQVHW DO .OHLQ HW DO DQG XQFRXSOHUV 0XUHQ DQG5DQGDOO 1DNDQH HW DO  LQGLFDWLQJ WKDWK\GURO\VLVRI$73E\6HF$DQGWKHSUHVHQFHRIDSURWRQPRWLYHIRUFHDUHERWKQHFHVVDU\IRUVHFUHWLRQIURP%VXEWLOLV DVLVWKHFDVHLQ(FROL7KLVLVDOVRHYLGHQWIURPWKHLQYLWURVWXGLHV 7UDQVORFDWLRQ VWULFWO\ GHSHQGV RQ WKH K\GURO\VLV RI $73 DV QR WUDQVORFDWLRQ LVREVHUYHG LQ WKH SUHVHQFH RI WKH QRQK\GURO\VDEOH DQDORJ $03313 $]LGH D SRWHQWLQKLELWRU RI WKH WUDQVORFDWLRQ $73DVH DFWLYLW\ RI 6HF$ DOVR VXSSUHVVHV WUDQVORFDWLRQDOWKRXJKKLJK FRQFHQWUDWLRQV DUHQHHGHG WRREWDLQFRPSOHWH LQKLELWLRQ3RVVLEO\ DW ORZD]LGH FRQFHQWUDWLRQ VORZ K\GURO\VLV RI $73 E\ 6HF$ VWLOO HQDEOHV LQLWLDWLRQ RIWUDQVORFDWLRQ,QFRQMXQFWLRQZLWKWKHSURWRQPRWLYHIRUFHJHQHUDWHGE\WKH))$73DVHWKLVORZOHYHORI$73K\GURO\VLVPD\VXIILFHWRSHUPLWHIILFLHQWWUDQVORFDWLRQ+RZHYHUFDUHVKRXOGEH WDNHQZLWKKLJKFRQFHQWUDWLRQVRID]LGHDV WKLVPD\DOVREORFN WKH))$73DVH WKHUHE\ FDXVLQJ D ORZHULQJ RI WKH SURWRQ PRWLYH IRUFH 7KH ORZ OHYHO D]LGHUHVLVWDQWPXWDQWVRI(FROL 2OLYHUHWDODQG%VXEWLOLV.OHLQHWDO1DNDQHHWDODUHFRQILQHGWRWKHVHF$GLY$ JHQH,QDJUHHPHQWZLWKWKH LQYLYR VWXGLHV0XUHQDQG5DQGDOOGLVVLSDWLRQRI WKHSURWRQPRWLYH IRUFH LQKLELWV WUDQVORFDWLRQRISUH$P\/ LQYLWUR/LNH LQ(FROL<DPDGDHWDODQH[FHVVRISXULILHG6HF$FDQRYHUFRPHWKLVFRQVWUDLQW+RZHYHUDQH[FHVV6HF$LVXQDEOHWRFRPSHQVDWHIRU WKHLQKLELWLRQ E\ D]LGH:H KDYH UHFHQWO\ VKRZQ IRU WKH( FROL 6HF$ WKDW D]LGH LQWHUIHUHVZLWKWKH6HF$FDWDO\WLFF\FOHYDQGHU:RONHWDODQGWKDWLWWUDSVWKH6HF<(*ERXQG 6HF$ LQ WKH $73 RFFXSLHG FRQIRUPDWLRQDO VWDWH LH WKH ¦PHPEUDQH LQVHUWHG§VWDWH (YHQ LQ WKH DEVHQFH RI D]LGH 6HF$ UHPDLQV WUDSSHG LQ WKLV VWDWH DQG FDQQRW EHH[FKDQJHGIRU WKH IUHHF\WRVROLF IRUPRI6HF$2EYLRXVO\ WKH LQKLELWHG6HF$RFFXSLHVWKH WUDQVORFDWLRQ VLWHV DQG WKHUHE\ SUHYHQWV WKH LQLWLDWLRQ RI QHZ WUDQVORFDWLRQ HYHQWV7DNHQWRJHWKHUWKHGDWDRQWKHD]LGHLQKLELWLRQRISUH$P\/WUDQVORFDWLRQLQWR%VXEWLOLVPHPEUDQHYHVLFOHVDUHFRQVLVWHQWZLWKDFDWDO\WLFLQYROYHPHQWRI6HF$'LUHFWHYLGHQFHIRUDUHTXLUHPHQWIRU6HF$LVSURYLGHGE\WKHVWXGLHVZLWKXUHDWUHDWHGYHVLFOHV8UHDUHPRYHVDQGLQDFWLYDWHVSHULSKHUDOPHPEUDQHSURWHLQVDQGZLWK(FROL LQQHUPHPEUDQHVWUDQVORFDWLRQEHFRPHVGHSHQGHQWRQWKHDGGLWLRQRISXULILHG6HF$DIWHUXUHDWUHDWPHQW &XQQLQJKDPHWDO+RZHYHU LQRUGHU WR UHVWRUHSUHSURWHLQWUDQVORFDWLRQWRWKHOHYHOREVHUYHGZLWKQDWLYHPHPEUDQHYHVLFOHVWKHDELOLW\WRJHQHUDWHD SURWRQ PRWLYH IRUFH DOVR KDV WR EH UHVWRUHG :DWDQDEH DQG %OREHO  8UHDWUHDWPHQWVHHPVWRKDYHDVLPLODUHIIHFWRQ%VXEWLOLV PHPEUDQHYHVLFOHV7UDQVORFDWLRQLVFRPSOHWHO\DEROLVKHGEXWFDQRQO\EHSDUWLDOO\UHVWRUHGE\WKHDGGLWLRQRISXULILHG%VXEWLOLV 6HF$ 6WULNLQJO\ WKH ( FROL 6HF$ UHVWRUHV WUDQVORFDWLRQ LQWR XUHDWUHDWHGPHPEUDQHV WRDVXEVWDQWLDO OHYHO$PHFKDQLVWLFH[SODQDWLRQIRU WKLVSKHQRPHQDFDQQRW\HWEHJLYHQDQGZLOOUHTXLUHIXUWKHULQYHVWLJDWLRQV)RULQVWDQFHLWFRXOGEHWKDWWKHODFNRIDSURWRQPRWLYHIRUFHLVPRUHKDUPIXOZKHQWKH%VXEWLOLV 6HF$LVXVHGWKDQZLWKWKH( FROL SURWHLQ ,Q( FROL 6HF$ KDV EHHQ VKRZQ WR VXSSUHVV WKH SURWRQ PRWLYH IRUFHGHSHQGHQF\RISUHSURWHLQ WUDQVORFDWLRQ <DPDGDHWDOEXW WKH H[DFWPHFKDQLVPKDV QRW \HW EHHQ UHVROYHG 6WXGLHVZLWK QDWLYHPHPEUDQH YHVLFOHV VKRZ WKDW SUH$P\/WUDQVORFDWLRQLVVWURQJO\GHSHQGHQWRQWKHSURWRQPRWLYHIRUFH$PRUHGHWDLOHGVWXG\RQWKH SURWRQ PRWLYH IRUFH GHSHQGHQF\ RI WKH WUDQVORFDWLRQ RI SUH$P\/ YDULDQWV LV LQSURJUHVV
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2XU LQYLWURH[SHULPHQWVGRQRW VWULFWO\ UHTXLUH WKHSUHVHQFHRID FKDSHURQH$VXEVHWRISUHSURWHLQVLQ(FROLLVGHSHQGHQWRQWKHPROHFXODUFKDSHURQH6HF%IRULQYLYRDQG LQYLWURWUDQVORFDWLRQ &ROOLHUHWDO:HLVVHWDO /HFNHUHWDO 8QGHU FHUWDLQ FRQGLWLRQV RWKHU FKDSHURQHV VXFK DV *UR(6/ RU 'QD.'QD-*US( PD\VXSSRUW WUDQVORFDWLRQ &ROOLHU HW DO  $OWPDQ HW DO  (UQVW HW DO +RZHYHUXQOLNH6HF%WKHVHFKDSHURQHVKDYHQRWDUJHWLQJUROH)URP%VXEWLOLVQRGDWDLVDYDLODEOH WKDWZRXOG LQGLFDWH WKDWFKDSHURQHVDUHQHHGHG WRVXSSRUWSURWHLQVHFUHWLRQDQG WKH%VXEWLOLVFKURPRVRPHGRHVQRWDSSHDU WRKDUERUDJHQH WKDW FRGHV IRUD6HF%KRPRORJXHZKLFKVKRZVVLJQLILFDQWVLPLODULW\WRWKH(FROLHQ]\PH.XQVWHWDO:KHQ FRH[SUHVVHG LQ % VXEWLOLV ( FROL VHF% VXSSRUWV WKH WUDQVORFDWLRQ RI PDOWRVHELQGLQJSURWHLQ&ROOLHU7KH6HF%ELQGLQJGRPDLQRIWKH(FROL6HF$LVFRQILQHGWR WKH FDUER[\OWHUPLQDO  DPLQR DFLGV )HNNHV HW DO  7KLV UHJLRQ ZKLFK LVFULWLFDO IRU WKH WDUJHWLQJ IXQFWLRQ RI 6HF% LV KLJKO\ FRQVHUYHG DPRQJ EDFWHULDO 6HF$SURWHLQVDQG LVDOVRSUHVHQW LQ WKH% VXEWLOLV6HF$:HKDYH UHFHQWO\REVHUYHG WKDW WKHFDUER[\OWHUPLQXVRI WKH%VXEWLOLV6HF$ LVDEOH WRELQG6HF% YDQ:HO\HWDOFRQVLVWHQW ZLWK WKH DELOLW\ RI % VXEWLOLV 6HF$ WR VXSSRUW WKH 6HF% IXQFWLRQ LQ YLYR&ROOLHUDQGLQYLWURWKLVGDWD7KHUHIRUHLWZLOOEHLPSRUWDQWWRGHWHUPLQHLIWKHFDUER[\O WHUPLQXV RI 6HF$ IXOILOOV D UXGLPHQWDU\ IXQFWLRQ RU LI LW LV LQYROYHG LQ WKHELQGLQJRIDF\WRVROLFFKDSHURQHWKDWKDVDVLPLODUIXQFWLRQEXWGLIIHUHQWVWUXFWXUHWRWKH(FROL6HF%,QFRQFOXVLRQZHKDYHGHYHORSHGDQLQYLWUR V\VWHPIRUWKHVWXG\RISUHSURWHLQWUDQVORFDWLRQ LQ% VXEWLOLV 7UDQVORFDWLRQ RI SXULILHG DQG XUHDGHQDWXUDWHG SUH$P\/ LVGHSHQGHQW RQ 6HF$ DQG LV GULYHQ E\ WKH K\GURO\VLV RI $73 DQG E\ WKH SURWRQPRWLYHIRUFH7KH LQ YLWUR V\VWHPRSHQV D QHZ DUHD LQ WKH VWXG\ RI SUHSURWHLQ WUDQVORFDWLRQ LQ%DFLOOLDQGFDQEHD XVHIXOWRROWRLGHQWLI\FRPSRQHQWVRIWKHSURWHLQVHFUHWLRQPDFKLQHU\WKDWXSWRQRZDUHXQNQRZQLQ%VXEWLOLVVXFKDVIXQFWLRQDOKRPRORJXHVRIWKH(FROL6HF*DQG6HF% DQGSRVVLEO\RWKHUQRYHO FRPSRQHQWV7KHVH VWXGLHVPD\ SURYLGH QHZOHDGVLQWKHRSWLPLVDWLRQRIWKHVHFUHWLRQRIKHWHURORJRXVSURWHLQVDQGZLOOEHXVHIXOIRUFRPSDUDWLYHSXUSRVHVZLWKWKHSDUDGLJPVHFUHWRU\V\VWHPRI(FROL
$&.12:/('*(0(176








D'HSDUWPHQW RI 0LFURELRORJ\ *URQLQJHQ %LRPROHFXODU 6FLHQFHV DQG %LRWHFKQRORJ\,QVWLWXWH 8QLYHUVLW\ RI *URQLQJHQ .HUNODDQ   11 +DUHQ 7KH 1HWKHUODQGVE*HQHQFRU ,QWHUQDWLRQDO 32 %R[   $3 'HOIW 7KH 1HWKHUODQGV F,QVWLWXW IU0LFURELRORJLH -RKDQQ:ROIJDQJ *RHWKH 8QLYHUVLWlW )UDQNIXUW 0DULH &XULH 6WUDVVH ' )UDQNIXUW DP 0DLQ *HUPDQ\ G'HSDUWPHQW RI )DUPDFHXWLFDO %LRORJ\8QLYHUVLW\RI*URQLQJHQ+DQ]HSOHLQ*=*URQLQJHQ7KH1HWKHUODQGV
3URWHLQH[SRUWLQ(VFKHULFKLDFROL LVPHGLDWHGE\WKHWUDQVORFDVHDPXOWLVXEXQLWPHPEUDQH SURWHLQ FRPSOH[ZLWK 6HF$ DV SHULSKHUDO VXEXQLW DQG WKH 6HF< 6HF(DQG6HF*SURWHLQVDV LQWHJUDOPHPEUDQHGRPDLQ ,Q WKH*UDPSRVLWLYHEDFWHULXP%DFLOOXVVXEWLOLV6HF$6HF<DQG6HF(KDYHEHHQLGHQWLILHGWKURXJKJHQHWLFDQDO\VLV6HTXHQFHFRPSDULVRQRI WKH%DFLOOXV FKURPRVRPHLGHQWLILHGDSRWHQWLDOKRPRORJXHRI6HF*WHUPHG<YD/$FKURPRVRPDOGLVUXSWLRQRI WKH\YD/ JHQHUHVXOWV LQPLOGFROGVHQVLWLYLW\DQGFDXVHVDVHFUHWLRQGHIHFWRIEODFWDPDVH7KHFROGVHQVLWLYLW\LVH[DFHUEDWHGE\RYHUH[SUHVVLRQRI WKHVHFUHWRU\SURWHLQDDP\ODVHZKHUHDVJURZWKDQGEODFWDPDVH VHFUHWLRQ LV UHVWRUHGE\ FRH[SUHVVLRQ RI \YD/ RU WKH( FROL VHF*JHQH7KHVHUHVXOWVLQGLFDWHWKDWWKH\YD/ JHQHFRGHVIRUDSURWHLQWKDWLVIXQFWLRQDOO\KRPRORJRXVWR6HF*
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%DFLOOXV VXEWLOLV KDV DULVHQ QH[W WR(VFKHULFKLDFROL DV SDUDGLJP IRU VWXGLHV RQSURWHLQVHFUHWLRQLQ*UDPSRVLWLYHEDFWHULDSULPDULO\EHFDXVH%DFLOOLKDYHDKLJKFDSDFLW\IRUWKHSURGXFWLRQRIH[RHQ]\PHV3URWHLQVHFUHWLRQDFURVVWKHF\WRSODVPLFPHPEUDQHRI% VXEWLOLV LV WKRXJKW WR EH FDWDO\VHG E\ D V\VWHP WKDW LV KRPRORJRXV WR WKH SUHFXUVRUSURWHLQ WUDQVORFDVHRI(FROL 2YHUKRIIHWDOYDQ:HO\HWDO  ,Q(FROLSUHFXUVRU SURWHLQ WUDQVORFDWLRQ LV PHGLDWHG E\ D F\WRVROLF FKDSHURQH 6HF% WKHWUDQVORFDWLRQ$73DVH6HF$DQGDODUJHLQWHJUDOPHPEUDQHSURWHLQFRPSOH[ZLWK6HF<6HF( DQG 6HF* 'ULHVVHQ  6HF' DQG 6HF) DUH DFFHVVRU\ VXEXQLWV WKDW DUH QRWHVVHQWLDO IRU WUDQVORFDWLRQEXW WKDWDGG WR WKH ILGHOLW\ DQGSRVVLEO\ WKH VSHFLILFLW\RI WKHUHDFWLRQ 2QO\ 6HF$ 6HF( DQG 6HF< DUH HVVHQWLDO IRU YLDELOLW\ DQG KRPRORJXHV KDYHEHHQLGHQWLILHGJHQHWLFDOO\LQ%VXEWLOLV6HF$LVHQFRGHGE\WKHGLY$ JHQH6DGLHHWDO $VDL HW DO  DQG ZDV RULJLQDOO\ IRXQG DV D VHW RI PXWDQWV FRQGLWLRQDOO\GHIHFWLYHLQGLYLVLRQRUXQDEOHWRVSRUXODWH7KHLQWHJUDOPHPEUDQHSURWHLQV6HF<6XKHWDO  7VFKDXGHUHW DO %UHLWOLQJ HW DO  DQG 6HF( -HRQJ HW DO 
%VXEWLOLV 6HF*+RPRORJXH
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%DFWHULDOVWUDLQVDQGJURZWKPHGLD6WUDLQVZHUHJURZQLQ/XULD%HUWDQL%URWKRURQ/XULD%HUWDQLDJDU:KHQQHFHVVDU\ WKHPHGLXPZDVVXSSOHPHQWHGZLWK UHOHYDQWDQWLELRWLFV DV LQGLFDWHG &RQVWUXFWLRQ RI YHFWRUV ZDV GRQH LQ ( FROL '+D VXS('ODF8IODF='0KVG5UHF$HQG$J\U$WKLUHO$&KURPRVRPDOGHOHWLRQV DQG JURZWK H[SHULPHQWV ZHUH GRQH LQ % VXEWLOLV '% QSU( DSU('<DQJHWDORU(FROL .11LVKL\DPDHWDO
7DEOH /LVWRISODVPLGVXVHGLQWKLVVWXG\
QDPH UHSOLFRQ UHVLVWDQFH UHOHYDQWH[SUHVVLRQS'(/* &RO( $PS&DP GHOHWLRQYHFWRUS35 &RO(UHS5 $PS3KOH S(7 &RO(UHS5 $PS3KOH (FROL 6HF*S(7 &RO(UHS5 $PS3KOH %VXEWLOLV<YD/S(7 UHS$ (U\ $P\4S(7 UHS$ (U\ $P\4(FROL 6HF*S(7 UHS$ (U\ $P\4%VXEWLOLV<YD/S(7 S%5 $PS (FROL 6HF*S(7 S%5 $PS %VXEWLOLV<YD/
7DEOH/LVWRI3&5DPSOLILFDWLRQSULPHUV
3ULPHU 6HTXHQFH
%DP\OROLTXHIDFLHQV DP\4 IRUZDUG &*&&$7**77&$$$$$&*$$$*&1FR,%DP\OROLTXHIDFLHQVDP\4 UHYHUVH *&**$7&&77$777&7*$$&$7$%DP+,%VXEWLOLV\YD/ IRUZDUG $$$**$7&&7$*7&7**$**7*7$7***$7*&%DP+,%VXEWLOLV\YD/ UHYHUVH $$$7&7$*$77&7&*$*&&&7$7$**$7$7$$*&$$*&;ED,(FROLVHF* IRUZDUG &&&**$7&&**$**7777$$77&$7*7$7*$$*&7&777%DP+,(FROLVHF* UHYHUVH &&&7&7$*$&7&*$*77$*77&***$7$7&*&;ED,
5HFRJQLWLRQ VLWHV RI UHVWULFWLRQ HQ]\PHV XVHG DUH XQGHUOLQHG 5LERVRPHELQGLQJ VLWHV DQG VWDUWDQGVWRSFRGRQVDUHLQGLFDWHGLQEROG
%VXEWLOLV 6HF*+RPRORJXH

&RQVWUXFWLRQ RI SODVPLGV$OO UHOHYDQW SODVPLGV DUH OLVWHG LQ7DEOH  7KH(FROL VHF* DQG % VXEWLOLV \YD/ JHQHV LQFOXGLQJ VXLWDEOH ULERVRPH ELQGLQJ VLWHV ZHUHDPSOLILHGDV%DP+,;ED,FDVVHWWHVE\3&5IURPFKURPRVRPDO'1$IURPVWUDLQV'+DDQG'% UHVSHFWLYHO\ DQG FORQHG LQWR S%OXHVFULSW 6. XVLQJ WKH SULPHUV OLVWHG LQ7DEOH  7KH VHTXHQFHV RI ERWK RSHQ UHDGLQJ IUDPHV ZHUH GHWHUPLQHG DQG FRPSDUHGDJDLQVWUHOHYDQWGDWDEDVHV)RUH[SUHVVLRQLQ(FROLWKHJHQHVZHUHFORQHGLQWRS(7YDQGHU'RHVHWDO\LHOGLQJS(7(FROL VHF*DQGS(7%VXEWLOLV \YD/9HFWRUVS35DS8%GHULYDWLYH'LGHULFKVHQHWDODQGS%(<DJLIW IURP 'U 5 %UHLWOLQJ XQSXEOLVKHG DUH VKXWWOH YHFWRUV XVLQJ D &RO( RULJLQ IRUUHSOLFDWLRQ LQ ( FROL DQG 5HS5 IRU UHSOLFDWLRQ LQ *UDPSRVLWLYH RUJDQLVPV 7KHVHSODVPLGVHQFRGHDPSLFLOOLQ$PSUHVLVWDQFHPDUNHUVIRU(FROL DQGSKOHRP\FLQ3KOHUHVLVWDQFHPDUNHUVIRU%VXEWLOLV9HFWRUS%(<H[SUHVVHVWKH%VXEWLOLV VHF< DQGVHF(JHQHVIURPWKHFRQVWLWXWLYHVWDSK\ORFRFFDOVDN SURPRWHU3ODVPLGVS(7DQGS(7ZHUH IRUPHG E\ UHSODFLQJ WKH VHF<( FDVVHWWH E\ ( FROL VHF* DQG % VXEWLOLV \YD/UHVSHFWLYHO\9HFWRU S$03 LV D S*. .RN HW DO  EDVHG EURDG KRVW UDQJH YHFWRUFRQWDLQLQJ WKH S SURPRWHU GHULYHG IURP /DFWRFRFFXV ODFWLV YDQ GHU 9RVVHQ HW DOZLWKD V\QWKHWLF ULERVRPHELQGLQJVLWHDQG1FR, VLWHRYHUODSSLQJ WKH VWDUWFRGRQ7KH%DP\OROLTXHIDFLHQV DDP\ODVHJHQHZDV LVRODWHGE\3&5 IURPSODVPLGS.7+3DOYD  DV DQ 1FR,%DP+, FDVVHWWH DQG OLJDWHG LQWR 1FR,%DP+, GLJHVWHGS$037KHUHVXOWLQJYHFWRUQDPHGS(7KDUERUVWKHDP\4 JHQHXQGHUFRQWURORIWKHFRQVWLWXWLYHS SURPRWHU9HFWRUVS(7DQGS(7ZHUHJHQHUDWHGE\ OLJDWLQJ%DP+,%VV+,, IUDJPHQWV FRQWDLQLQJ WKH VHF* UHVSHFWLYHO\ \YD/ JHQHV IURP WKHS%OXHVFULSW GHULYDWHV LQWR%DP+,0OX, GLJHVWHG S(7 5HVXOWLQJ YHFWRUV H[SUHVV%DP\OROLTXHIDFLHQV DDP\ODVHDQGVHF* RU\YD/ DVDWDQGHPRSHURQIURPWKHVLQJOHSSURPRWHU'LVUXSWLRQRIWKH\YD/ JHQH7KH \YD/ JHQHZDVGLVUXSWHGLQ%VXEWLOLV '%DV IROORZV5HJLRQV LPPHGLDWHO\XSVWUHDPDQGGRZQVWUHDPRI WKH\YD/ ZHUH DPSOLILHGIURPFKURPRVRPDO'1$IURPVWUDLQ'%DV%DP+,;ED,DQG.SQ,+LQF,,FDVVHWWHVUHVSHFWLYHO\ DQG FORQHG LQWR S%OXHVFULSW 6. 6XEVHTXHQWO\ D %JO,,3YX,, GLJHVWHGFKORUDPSKHQLFRO &DP UHVLVWDQFH PDUNHU ZDV SODFHG EHWZHHQ WKH %DP+, DQG+LQF,,VLWHV \LHOGLQJ S'(/*7KLV YHFWRU FRQWDLQV WKH'% FKURPRVRPDO UHJLRQZLWK WKH\YD/ JHQHUHSODFHGE\ WKH&DPUHVLVWDQFHPDUNHU9HFWRUS'(/*ZDV OLQHDUL]HGZLWK3YX,, WR \LHOG D  NE IUDJPHQW FRQWDLQLQJ WKH \YD/FDP UHJLRQ DQG VXEVHTXHQWO\WUDQVIRUPHGLQWR%VXEWLOLV '%E\QDWXUDOFRPSHWHQFH<RXQJ&DPUHVLVWDQWFRORQLHV UHVXOWLQJ IURP D GRXEOH FURVVRYHU ZHUH VHOHFWHG 7KH FRUUHFW SRVLWLRQ RI WKHFKURPRVRPDOUHSODFHPHQWZDVFRQILUPHGE\3&5,QWKHUHVXOWLQJVWUDLQ'%'\YD/WKH&DP UHVLVWDQFHJHQHKDV UHSODFHG WKH \YD/JHQHZKLOH OHDYLQJ WKH IODQNLQJ UHJLRQVLQWDFW6LQFHWKHPXWDWLRQVFDXVHDFRPSOHWHGHOHWLRQQRVHOHFWLYHSUHVVXUHLVQHHGHGDIWHUWKHLQLWLDOVHOHFWLRQ*URZWK H[SHULPHQWV % VXEWLOLV '% DQG '%'\YD/ ZHUH WUDQVIRUPHGZLWK HDFK RI VL[ SODVPLGV FRQVWUXFWHG IRU WHVWLQJ LH S35 S(7 S(7S(7 S(7 DQG S(7 $IWHU WUDQVIRUPDWLRQ SODWHV ZHUH LQFXEDWHG DW &RYHUQLJKW6HOHFWLYHSUHVVXUHXVLQJWKHDSSURSULDWHDQWLELRWLFVZDVDSSOLHGIURPWKLVSRLQW
&KDSWHU





,GHQWLILFDWLRQRIDVHF* KRPRORJXHLQ%DFLOOXVVXEWLOLV 7KH6XEWLOLVW GDWDEDVHRIWKH%VXEWLOLV FKURPRVRPHZDVVFDQQHGZLWKWKH(FROLVHF* JHQHXVLQJWKHLQFOXGHG%ODVWVHDUFKSURJUDPKWWSZZZSDVWHXUIU%LR6XEWL/LVWKWPO7KLVVHDUFK\LHOGHGWKH\YD/ JHQHDFFHVVLRQQXPEHU%*DVWKHRQO\OLNHO\FDQGLGDWH)LJZLWKDQ(YDOXHRI[7KH(YDOXHRIWKHQH[WEHVWVFRUHZDV
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)LJXUH 0XOWLSOH VHTXHQFH DOLJQPHQW RI VHF* JHQHV DQG SRWHQWLDO KRPRORJXHV 2UJDQLVPV DUHLQGLFDWHG DV IROORZV %V %DFLOOXV VXEWLOLV (0%/( 0O 0\FREDFWHULXP OHSUDH6:,66352730W0\FREDFWHULXP WXEHUFXORVLV (0%/=&J&RU\QHEDFWHULXPJOXWDPLFXP *(1%$1.0 (F (VFKHULFKLD FROL 3,56 +L +DHPRSKLOXVLQIOXHQ]DH 3,5+ 3V 3VHXGRPRQDV V\ULQJDH (0%/8 $I $TXLIOH[ DHROLFXV75(0%/1(:*&RQVHUYHGUHVLGXHVDUHVKDGHGDFFRUGLQJWRWKHQXPEHURIVHTXHQFHVLQZKLFKWKHUHVLGXHLVFRQVHUYHGDQGSRWHQWLDOWUDQVPHPEUDQHVHJPHQWVDUHXQGHUOLQHG
)LJXUH  $QDO\VHV RI WKH FKURPRVRPDO UHJLRQ FRQWDLQLQJ \YD/ 7KH VHTXHQFH UXQV IURP ESWRRIWKH%VXEWLOLVFKURPRVRPH2SHQUHDGLQJIUDPHVDUHLQGLFDWHGDVVWUDLJKWDUURZVDQGQDPHGDFFRUGLQJWRWKH6XEWLOLVWGDWDEDVH7KHSURPRWHURIWKH\YD/ RSHURQLVGHSLFWHGDVDEURNHQDUURZDQGWKHWHUPLQDWRUDVDORRS
&KDSWHU

<YD/ LVDESJHQHORFDWHGDWRIWKHJHQHWLFPDSRIWKH%VXEWLOLV FKURPRVRPH)LJLQDUHJLRQWKDWEHDUVPDQ\JHQHVZLWKXQNQRZQIXQFWLRQ<YD/ VHHPVWREHWKHILUVWJHQH LQDQRSHURQ VLQFH WKHXSVWUHDPJHQH\YD0 LV WUDQVFULEHG IURP WKHRSSRVLWHVWUDQG 'RZQVWUHDP RI \YD/ ILYH JHQHV FDQ EH LGHQWLILHG ZLWKRXW REYLRXV SURPRWHU RUWHUPLQDWRUVHTXHQFHVLQEHWZHHQEXWIROORZHGE\DFOHDUWHUPLQDWRUVWUXFWXUH<YD/ FRGHVIRUDQLQWHJUDOPHPEUDQHSURWHLQRIDPLQRDFLGVWKDWLQDQDORJ\WR6HF*LVSUHGLFWHGWRVSDQ WKH PHPEUDQH WZLFH ,W VKDUHV  LGHQWLW\ DQG  VLPLODULW\ ZLWK WKH( FROL6HF*)XUWKHUVHDUFKHVZLWK WKH%VXEWLOLV \YD/ DQG(FROL VHF* JHQHVXVLQJWKH%ODVWVHUYHU DW WKH 1&%, KWWSZZZQFELQOPQLKJRY%/$67 UHYHDOHG WKH SUHVHQFH RIKRPRORJXHV LQ RWKHU *UDPSRVLWLYH EDFWHULD $ PXOWLSOH VHTXHQFH DOLJQPHQW RI WKHVHSXWDWLYH6HF*SURWHLQV LV VKRZQ LQ)LJXUH2YHUDOO WKHSXWDWLYH6HF*KRPRORJXHVRI*UDPSRVLWLYH EDFWHULD DSSHDU WR EH VKRUWHU WKDW WKHLU FRXQWHUSDUWV LQ *UDPQHJDWLYHEDFWHULD$OWKRXJKWKH0\FREDFWHULXPOHSUDH VHF* JHQHLVLQGLFDWHGLQWKHGDWDEDQNVDVVXFK QR IXQFWLRQDO HYLGHQFH LV DYDLODEOH WKDW WKLV RSHQ UHDGLQJ IUDPH LQGHHG LVIXQFWLRQDOO\KRPRORJRXVWR6HF*'HOHWLRQRI \YD/ FDXVHVPLOGFROGVHQVLWLYLW\RIJURZWK'LVUXSWLRQRIWKHVHF*JHQHKDVEHHQVKRZQWRUHVXOW LQDFROGVHQVLWLYHSKHQRW\SHRI(FROL 0&GHULYHGVWUDLQV1LVKL\DPDHWDODWWHPSHUDWXUHVRI&DQGEHORZ$VVXPLQJWKDW6HF*DQG<YD/IXQFWLRQLQWKHVDPHPDQQHUGHOHWLRQRI\YD/ LVH[SHFWHGWRUHQGHU%VXEWLOLVFROG VHQVLWLYH DV ZHOO 7KHUHIRUH WKH \YD/ JHQH ZDV GHOHWHG FRPSOHWHO\ IURP WKHFKURPRVRPHRI%VXEWLOLV '%E\KRPRORJRXVUHFRPELQDWLRQDQGUHSODFHGE\D&DPUHVLVWDQFHPDUNHU7KHFRUUHFWSRVLWLRQRI WKHFKURPRVRPDO UHSODFHPHQWZDVFRQILUPHGE\ 3&5 7KH UHVXOWLQJ VWUDLQ '%'\YD/ZDV QRUPDOO\ YLDEOH DW & ZKHQ JURZQHLWKHU RQ ULFK RU PLQLPDO PHGLD ,QFXEDWLRQV EHORZ & GHPRQVWUDWHG D PLOG FROGVHQVLWLYLW\ DQG WKH VWUDLQ VKRZHG SURJUHVVLYHO\ VORZHU JURZWK DV FRPSDUHG WR '%GDWDQRWVKRZQ7KHFROGVHQVLWLYHSKHQRW\SHLVQRWDEVROXWH$VFRPSDUHGWRWKHZLOGW\SHJURZWKZDVUHWDUGHGPRUHVHYHUHO\ZKHQWKHWHPSHUDWXUHZDVIXUWKHUORZHUHGEXWDIWHUVKLIWLQJWKHFHOOVDJDLQWRKLJKHUWHPSHUDWXUHVJURZWKUHVXPHGDWDUDWHFRPSDUDEOHWR WKH ZLOGW\SH 7R DQDO\VH LQ PRUH GHWDLO WKH SKHQRW\SH RI WKH GHOHWLRQ VWUDLQ DVFRPSDUHGWRWKHZLOGW\SHFHOOVZHUHWUDQVIRUPHGZLWKSODVPLGVH[SUHVVLQJ(FROL 6HF*RU % VXEWLOLV <YD/ DV ZHOO DV D FRQWURO SODVPLG 7DEOH  $IWHU SUHLQFXEDWLRQ DWWHPSHUDWXUHV WKDW GR QRW DIIHFW JURZWK RI WKH GHOHWLRQ VWUDLQ FHOOV ZHUH SODWHG DQGLQFXEDWHGDWYDULRXVWHPSHUDWXUHV*URZWKRIWKHFRORQLHVZDVPRQLWRUHGRYHUDSHULRGRIVHYHUDO GD\V:LOG W\SH FHOOV ZHUH QRW DIIHFWHG DQGPXWDQW FHOOV WUDQVIRUPHG ZLWK WKHFRQWURO SODVPLG EHKDYHG OLNH WKHLU QRQWUDQVIRUPHG FRXQWHUSDUWV VKRZLQJ UHWDUGHGJURZWK EXW QRW D FRPSOHWH VWRS DW ORZHU WHPSHUDWXUHV 7UDQVIRUPDWLRQ RI WKH GHOHWLRQVWUDLQZLWKS(7H[SUHVVLQJWKH\YD/ JHQHSURGXFWUHOLHYHGWKHUHWDUGDWLRQRIJURZWKVKRZLQJWKDWWKHSKHQRW\SHRIWKHPXWDQWZDVQRWFDXVHGE\DQ\SRODUHIIHFWVEXWE\WKHGHOHWLRQ RI \YD/ DORQH 6XUSULVLQJO\ ZKHQ WKH PXWDQW LV WUDQVIRUPHG ZLWK S(7H[SUHVVLQJ( FROL 6HF* JURZWK VWRSSHG FRPSOHWHO\ DW WHPSHUDWXUHV RI & RU ORZHU$OVRLQZLOGW\SHFHOOVH[SUHVVLRQRI(FROL 6HF*FDXVHGVRPHLQWHUIHUHQFHZLWKJURZWKDW ORZ WHPSHUDWXUHV SRVVLEO\ GXH WR FRPSHWLWLRQ IRU 6HF<( ZLWK <YD/ 7KHVH GDWDLQGLFDWH WKDW D GLVUXSWLRQ RI \YD/ IURP WKH % VXEWLOLV FKURPRVRPH FDXVHV PLOG FROGVHQVLWLYLW\RIJURZWK+RZHYHUWKHHIIHFWLVPXFKZHDNHUWKDQUHSRUWHGIRU(FROL VWUDLQ0&1LVKL\DPDHWDO
%VXEWLOLV 6HF*+RPRORJXH

&ROGVHQVLWLYLW\ RI JURZWK RI % VXEWLOLV '\YD/ VWUDLQ LV H[DFHUEDWHG E\RYHUH[SUHVVLRQRISUH$P\4 6LQFHQRFRPSOHWHFROGVHQVLWLYLW\FRXOGEHGHPRQVWUDWHGIRUWKH'%'\YD/VWUDLQFHOOVZHUHWUDQVIRUPHGZLWKSODVPLGS(7DQGGHULYDWLYHV7KHVH SODVPLGV H[SUHVV WKH SUHFXUVRU IRUP RI DDP\ODVH SUH$P\4 WR KLJK OHYHOVWKHUHE\LQYRNLQJDVHFUHWRU\VWUHVV'HULYDWLYHVS(7DQGS(7H[SUHVVSUH$P\4LQFRPELQDWLRQZLWK 6HF* RU <YD/ UHVSHFWLYHO\ ([SUHVVLRQ RI SUH$P\4 GLG QRW UHWDUGJURZWKRI WKH GHOHWLRQPXWDQW DW& WKH WHPSHUDWXUHXVHG IRU SUHFXOWXULQJ WKH FHOOV+DOR IRUPDWLRQ RQ VWDUFK FRQWDLQLQJ SODWHV E\ WUDQVIRUPDQWV RI ZLOG W\SH DQG GHOHWLRQPXWDQW ZDV LGHQWLFDO GDWD QRW VKRZQ :KHQ S(7 WUDQVIRUPDQWV RI % VXEWLOLV'%'\YD/ ZHUH VKLIWHG WR ORZHU WHPSHUDWXUHV D FOHDU DQG FRPSOHWH FROG VHQVLWLYLW\ZDV HYLGHQW $OUHDG\ DW & FHOOV VWRSSHG JURZLQJ FRPSOHWHO\ 7DEOH  DQG ZKHQWUDQVIHUUHG EDFN WR WKH SHUPLVVLYH WHPSHUDWXUH RI & DIWHU SURORQJHG LQFXEDWLRQ DW&JURZWKZDVQRWUHVXPHG
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$SSDUHQWO\WKHGHOHWLRQPXWDQWLVFDSDEOHRIVXVWDLQLQJDEDVLFOHYHORIVHFUHWLRQHYHQDW ORZHU WHPSHUDWXUHVEXWFDQQRWKDQGOH WKHRYHUH[SUHVVLRQRIDVHFUHWRU\SURWHLQZLWKLQ D EURDG WHPSHUDWXUH UDQJH :KHQ FRH[SUHVVHG ERWK VHF* DQG \YD/FRPSOHPHQWHG WKH GHOHWLRQPXWDQW DOEHLW WKH JURZWK OHYHO RI WKH WUDQVIRUPDQWV GLGQRWUHDFK WKDW RI WKH ZLOG W\SH $OVR LQ WKLV FDVH H[SUHVVLRQ RI 6HF* EXW QRW RI <YD/LQWHUIHUHVZLWKJURZWKRIWKHZLOGW\SHLQDWHPSHUDWXUHGHSHQGHQWZD\
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(IIHFWRI WKH\YD/ GHOHWLRQRQ WKH VHFUHWLRQRISURWHLQV7R LQYHVWLJDWHPRUHGLUHFWO\ WKH LQYROYHPHQW RI WKH SUHFXUVRU SURWHLQ WUDQVORFDVH LQ WKH FROG VHQVLWLYHSKHQRW\SHRIWKH'\YD/ GHOHWLRQVWUDLQWKHSRO\SHSWLGHSDWWHUQVRIZLOGW\SHDQGPXWDQWFHOOVZHUHDQDO\VHG
)LJXUH&RRPDVVLHVWDLQHG6'63$*(RIFHOOXODUDQGPHGLXPIUDFWLRQVRI%VXEWLOLV'%DQG'%'\YD/ FXOWXUHV JURZQ WRPLGORJDULWKPLF SKDVH DW & $ RU & % 3RVLWLRQV RI N'DDQGN'DSURWHLQVDEVHQWLQWKHVXSHUQDWDQWRIWKH\YD/ PXWDQWDUHLQGLFDWHG
,QWKHFXOWXUHVXSHUQDWDQWVRIFHOOVJURZQDW&WKH\LHOGRIVHFUHWHGSURWHLQVDSSHDUHG JHQHUDOO\ VLPLODU IRU WKHZLOG W\SH DQGPXWDQWV )LJ D DOWKRXJK VRPH FHOOO\VLV VHHPVWRRFFXU LQ WKHGHOHWLRQVWUDLQ+RZHYHU WKHFXOWXUH VXSHUQDWDQWRI FXOWXUHVJURZQDW& VKRZHGVRPHGLIIHUHQFHV LQ WKHSRO\SHSWLGHSDWWHUQ )LJ EHJ DW DQGN'D$OVRVRPHVHFUHWHGEXWFHOODVVRFLDWHGSURWHLQVDSSHDUWREHDEVHQWHYHQDW&LQWKHGHOHWLRQPXWDQWDVMXGJHGE\SURWHLQDVH.DFFHVLELOLW\GDWDQRWVKRZQ6LQFHVRPHEXWQRWDOOH[WUDFHOOXODUSURWHLQVDUHDEVHQWLQWKH\YD/ GHOHWLRQVWUDLQLWDSSHDUVWKDW<YD/LVQHHGHGIRUWKHVHFUHWLRQRIDVSHFLILFVXEVHWRISURWHLQV7KHVL]HRIWKHN'DSURWHLQPD\FRUUHVSRQGWRWKHPDWXUHHQGRJHQRXVEODFWDPDVH%OD7KH%ODDFWLYLW\LQFXOWXUH VXSHUQDWDQW ZDV DERXW WZR WR WKUHHIROG ORZHU LQ VWUDLQ '%'\YD/ ZKHQFRPSDUHGWR'%)LJ
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,QWHUHVWLQJO\WKH%ODDFWLYLW\FRXOGEHUHVWRUHGWRQRUPDOOHYHOVE\WKHH[SUHVVLRQRI HLWKHU% VXEWLOLV <YD/ RU( FROL 6HF* ,W LV LPSRUWDQW WR QRWH WKDW WKH( FROL %ODSUHVHQWDVWKHDPSU UHVLVWDQFHPDUNHURQWKHXVHGSODVPLGVLVQRWH[SUHVVHGLQ%VXEWLOLVYDQ 'LMO  7KH %OD DFWLYLW\ RI VWUDLQ '% ZDV LGHQWLFDO ZLWK RU ZLWKRXW WKHSODVPLGS357KHVHGDWDVWURQJO\VXJJHVWWKDWWKH\YD/ GHOHWLRQVWUDLQLVLPSDLUHGLQWKHVHFUHWLRQRIVRPHSURWHLQVIURP%VXEWLOLV
)LJXUH  5HVWRUDWLRQ RI EODFWDPDVH VHFUHWLRQ E\ <YD/ DQG6HF* EODFWDPDVH DFWLYLWLHV ZHUHGHWHUPLQHG LQ FXOWXUH VXSHUQDWDQWVDV GHVFULEHG LQ PDWHULDOV DQGPHWKRGV 2QH XQLW RI DFWLYLW\ LVGHILQHG DV WKH DPRXQW RI HQ]\PHQHHGHG WR JLYH DQ LQFUHDVH LQRSWLFDOGHQVLW\RI SHUPLQXWH6WDQGDUG HUURUV RI WKH PHDQ DUHIURPWKUHHH[SHULPHQWV
)LJXUH  &RPSOHPHQWDWLRQ RI WKHJURZWK RI( FROL .1E\ 6HF*RU <YD/ 7RS SDQHOV VKRZLPPXQRGHWHFWLRQRI6HF*RU<YD/LQ ( FROL .1 EHDULQJ WKHSODVPLGV LQGLFDWHG DQG DIWHULQGXFWLRQZLWK,37*5HVXOWVRIWKHJURZWKH[SHULPHQWVDWWKHLQGLFDWHGWHPSHUDWXUHVDQGLQWKHSUHVHQFHRI,37*DUHOLVWHGEHORZ
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<YD/GRHVQRWFRPSOHPHQWWKHFROGVHQVLWLYLW\RIWKH(FROL VHF* QXOOVWUDLQ7KHVHF* GLVUXSWLRQ(FROL PXWDQW.1VKRZVDFROGVHQVLWLYHSKHQRW\SH1LVKL\DPDHWDO$W&QRJURZWKGHIHFWLVREVHUYHGZKLOHDW&WKHVWUDLQLVQRORQJHUDEOHWRIRUPVLQJOHFRORQLHVRQDJDUSODWHV8SRQLQGXFWLRQZLWK,37*SODVPLGS(7H[SUHVVLQJ( FROL 6HF* LV DEOH WR UHVWRUH JURZWK DW WKH QRQSHUPLVVLYH WHPSHUDWXUH RI&)LJ+RZHYHUZKHQWKH(FROL.1LVWUDQVIRUPHGZLWKS(7FRQWDLQLQJ\YD/QRJURZWKUHVWRUDWLRQ LVREVHUYHGDW WKHQRQSHUPLVVLYHWHPSHUDWXUHQRWHYHQZKHQWKHH[SUHVVLRQ LV LQGXFHG E\ ,37*2Q WKH RWKHUKDQG JURZWK LV QRUPDO DW WKH SHUPLVVLYHWHPSHUDWXUHRI&7KHVHGDWDGHPRQVWUDWHWKDW<YD/FDQQRWIXQFWLRQDOO\UHSODFH6HF*LQ(FROL
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7RIDFLOLWDWHIXQFWLRQDOVWXGLHVRQWKHSUHFXUVRUSURWHLQWUDQVORFDVHRIWKH*UDPSRVLWLYHEDFWHULXP%DFLOOXVVXEWLOLVZHKDYHFORQHGDKRPRORJXHRI6HF*WHUPHG<YD/7KH JHQH ZDV LGHQWLILHG RQ WKH EDVLV RI VHTXHQFH VLPLODULW\ ZLWK LWV *UDPQHJDWLYHFRXQWHUSDUW$OWKRXJK WKHRYHUDOO LGHQWLW\ LV ORZ WKHUH LVD FOHDU VLPLODULW\EHWZHHQ WKH<YD/DQG6HF*SURWHLQV%RWKSURWHLQVKDUERUWZRSXWDWLYHWUDQVPHPEUDQHVHJPHQWVWKDWDUHFRQQHFWHGYLDDJO\FLQHULFKORRS7KH<YD/SURWHLQLVVKRUWHUWKDWWKH6HF*SURWHLQDQG ODFNV WKH FDUER[\OWHUPLQDO H[WHQVLRQ 7KLV SURSHUW\ LV VKDUHG ZLWK RWKHU 6HF*KRPRORJXHV RI *UDPSRVLWLYH EDFWHULD SUHVHQW LQ WKH GDWDEDQNV /LNH VHF* LQ ( FROL1LVKL\DPDHWDOGLVUXSWLRQRIWKH\YD/ JHQHIURPWKHFKURPRVRPHRI%VXEWLOLV'%UHVXOWVLQDFROGVHQVLWLYHJURZWKGHIHFW+RZHYHUWKLVHIIHFWLVPLOGDVFRPSDUHGWRWKH(FROLVHF* QXOOVWUDLQEXWLVHOHYDWHGZKHQVHFUHWRU\VWUHVVLPSRVHGE\WKHRYHUH[SUHVVLRQRIWKHSUHFXUVRUIRUPRIDDP\ODVH7KHFROGVHQVLWLYLW\FDQEHRYHUFRPHE\H[SUHVVLRQ RI <YD/ RU 6HF* LQ WUDQV DOWKRXJK JURZWK LV QRW UHVWRUHG WR WKH OHYHOREVHUYHGZLWKWKHZLOGW\SHRQO\,Q(FROL LWKDVEHHQQRWHGWKDWWKHFROGVHQVLWLYLW\RIJURZWK LV VWUDLQ GHSHQGHQW 1LVKL\DPD HW DO  'XRQJ DQG :LFNQHU  7KHUHDVRQ IRU WKLV LV QRW HQWLUHO\ FOHDU EXW LWPD\ZHOO UHODWH WR GLIIHUHQFHV LQ WKH JURZWKSK\VLRORJ\ WR WKH VHFUHWLRQ GHPDQG DQGRU WKH OHYHO RI WUDQVORFDVH FRPSRQHQWV LQ WKHYDULRXVVWUDLQV$QDO\VLVRIWKHSURILOHRIVHFUHWHGSURWHLQVLQWKH%VXEWLOLV ZLOGW\SHDQG'\YD/ VWUDLQPRVWQRWDEO\UHYHDOVWKDWWZRPDMRUSURWHLQVDUHDEVHQWLQWKHODWWHUVWUDLQ,QWKHZLOG W\SH WKHVH WZRSURWHLQV DSSHDU WREHFHOOZDOO DVVRFLDWHGDV MXGJHG IURP WKHLUDFFHVVLELOLW\ WR H[WHUQDOO\ DGGHG SURWHLQDVH . +RZHYHU LQ WKH FXOWXUH VXSHUQDWDQWFRQWDLQLQJWKHVHFUHWHGSURWHLQVRQO\FHUWDLQEDQGVDUHDIIHFWHG7KHUHIRUHLWDSSHDUVWKDWWKH GHOHWLRQ RI \YD/ GRHV QRW UHVXOW LQ D VWURQJ SOHLRWURSLF VHFUHWLRQ GHIHFW EXW UDWKHUDIIHFWVWKHVHFUHWLRQRIDVXEVHWRISURWHLQV1RGLUHFWDQDO\VHVRIWRWDOVHFUHWHGSURWHLQVKDVEHHQSHUIRUPHGZLWKWKH(FROLVHF* QXOOVWUDLQEXWWKHLQYLWUR WUDQVORFDWLRQRIWKHSUHFXUVRUV SUR2PS$ DQG SUR2PS)/SS GHPRQVWUDWHV D FOHDU GLIIHUHQFH LQ 6HF*GHSHQGHQFH 1LVKL\DPDHWDO'LUHFW HYLGHQFH IRU DQ LGHQWLFDO IXQFWLRQRI6HF*DQG <YD/ LV SURYLGHG E\ WKH REVHUYDWLRQ WKDW WKH VHFUHWLRQ RI EODFWDPDVH LQ WKH %VXEWLOLV'\YD/VWUDLQLVQRWRQO\UHVWRUHGE\H[SUHVVLRQRI<YD/EXWDOVRE\6HF*
%VXEWLOLV 6HF*+RPRORJXH

2Q WKH RWKHU KDQG <YD/ FDQQRW FRPSOHPHQW WKH ( FROL VHF* QXOO VWUDLQ ,QFRQFOXVLRQRXUUHVXOWVGHPRQVWUDWHWKDW%VXEWLOLV <YD/LVDIXQFWLRQDOKRPRORJXHRI(FROL 6HF*,W LVFRQFOXGHGWKDW WKHKHWHURWULPHULFRUJDQL]DWLRQRI WKH LQWHJUDOPHPEUDQHGRPDLQRIWKHWUDQVORFDVHLVFRQVHUYHGZHOOLQEDFWHULD
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%DFWHULDO SURWHLQ WUDQVORFDWLRQ LV PHGLDWHG E\ WUDQVORFDVH D PXOWLVXEXQLWPHPEUDQH SURWHLQ FRPSOH[ WKDW FRQVLVWV RI D SHULSKHUDO $73DVH 6HF$ DQG DSUHSURWHLQ FRQGXFWLQJ FKDQQHO ZLWK 6HF< 6HF( DQG 6HF* DV VXEXQLWV /LNH(VFKHULFKLD FROL 6HF* WKH %DFLOOXV VXEWLOLV KRPRORJXH <YD/ GUDPDWLFDOO\VWLPXODWHGWKH$73GHSHQGHQWWUDQVORFDWLRQRISUHFXUVRU3KR%SUH3KR%E\WKH%VXEWLOLV 6HF$6HF<( FRPSOH[ 7R V\VWHPDWLFDOO\ GHWHUPLQH WKH IXQFWLRQDOH[FKDQJHDELOLW\RIWUDQVORFDVHVXEXQLWVDOORIWKHUHOHYDQWFRPELQDWLRQVRIWKH(FROLDQG%VXEWLOLVVHF<VHF(DQGVHF*JHQHVZHUHH[SUHVVHGLQ(FROL+\EULG6HF<(*FRPSOH[HVZHUHRYHUH[SUHVVHGDWKLJKOHYHOV6LQFH6HF<FRXOGQRWEHRYHUSURGXFHGZLWKRXW6HF(WKHVHGDWDLQGLFDWHDVWDEOHLQWHUDFWLRQEHWZHHQWKHKHWHURORJRXV6HF<DQG6HF(VXEXQLWV(FROL6HF$EXWQRW%VXEWLOLV6HF$VXSSRUWHGHIILFLHQW$73GHSHQGHQW WUDQVORFDWLRQ RI WKH ( FROL SUHFXUVRU 2PS$ SUR2PS$ LQWR LQQHUPHPEUDQH YHVLFOHV FRQWDLQLQJ WKH K\EULG 6HF<(* FRPSOH[HV LI( FROL 6HF< DQGHLWKHU ( FROL 6HF( RU ( FROL 6HF* ZHUH SUHVHQW 7UDQVORFDWLRQ RI % VXEWLOLVSUH3KR%RQWKHRWKHUKDQGVKRZHGDVWULFWGHSHQGHQFHRQWKHWUDQVORFDVHVXEXQLWFRPSRVLWLRQ DQG RFFXUUHG HIILFLHQWO\ RQO\ ZLWK WKH KRPRORJRXV WUDQVORFDVH ,QFRQWUDVWWR(FROL6HF$%VXEWLOLV6HF$ELQGVWKH6HF<(*FRPSOH[HVRQO\ZLWKORZDIILQLW\ 7KHVH UHVXOWV VXJJHVW WKDW HDFK WUDQVORFDVH VXEXQLW FRQWULEXWHV LQ DQH[FOXVLYHPDQQHUWRWKHVSHFLILFLW\DQGIXQFWLRQDOLW\RIWKHFRPSOH[
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,Q WKH *UDPQHJDWLYH EDFWHULXP (VFKHULFKLD FROL VHFUHWRU\ SURWHLQV DUHWUDQVSRUWHGIURPWKHF\WRVRO WR WKHSHULSODVPE\ WKH WUDQVORFDVH :LFNQHUDQG/HRQDUG'ULHVVHQHWDO(FRQRPRX7KHWUDQVORFDVHFRQVLVWVRIWKHPHPEUDQHSHULSKHUDO$73DVH6HF$ZKLFK LV ERXQGZLWK KLJK DIILQLW\ WR D KHWHURWULPHULF LQWHJUDOPHPEUDQH SURWHLQ FRPSOH[ FRPSRVHG RI WKH 6HF< 6HF( DQG 6HF* VXEXQLWV 7KH6HF<(*FRPSOH[LVWKRXJKWWRIXQFWLRQDVDSUHSURWHLQFRQGXFWLQJFKDQQHO LQ WKHLQQHUPHPEUDQH 0H\HU HW DO  ,Q ( FROL VRPH SUHSURWHLQV DVVRFLDWH ILUVW ZLWK WKHH[SRUWGHGLFDWHG FKDSHURQH 6HF% ZKLFK VWDELOL]HV WKH SUHSURWHLQ LQ WKH F\WRVRO DQGWDUJHWV LW WR WKH PHPEUDQHERXQG 6HF$ )HNNHV DQG 'ULHVVHQ  6HF$ GULYHV WKHVWHSZLVH WUDQVORFDWLRQ RI WKH SUHSURWHLQ DFURVV WKH PHPEUDQH E\ QXFOHRWLGHPRGXODWHGF\FOHVRI6HF$PHPEUDQHLQVHUWLRQDQGGHLQVHUWLRQ6FKLHEHOHWDO(FRQRPRXDQG:LFNQHU  YDQ GHU :RON HW DO  6HF$ 6HF< DQG 6HF( DUH WKH HVVHQWLDO
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+DQDGDHWDO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SUH3KR%YDQ:HO\HWDO
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ODQH GUDPDWLFDOO\HQKDQFHGWKH,SUH3KR%WUDQVORFDWLRQDFWLYLW\RI%VXEWLOLV6HF<(ODQH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LHZLWKS(7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ODQHV  WR 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DERXW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 7KHDELOLW\RIWKH(FROLDQG%VXEWLOLV6HF<(*FRPSOH[HVWRELQG,ODEHOHG6HF$DWDQ0 FRQFHQWUDWLRQ ZDV GHWHUPLQHG ,09V EHDULQJ RYHUH[SUHVVHG( FROL RU % VXEWLOLV6HF<(* VXSSRUWHG KLJK OHYHOV RI ELQGLQJ RI( FROL ,6HF$ FRPSDUHG WR WKDW RI WKHZLOGW\SHFRQWURO )LJ ,6HF$ELQGLQJZDVHIIHFWLYHO\ UHGXFHG WR WKHEDFNJURXQGOHYHO E\ WKH DGGLWLRQ RI D IROG H[FHVV RI QRQODEHOHG 6HF$ ,Q FRQWUDVW LW ZDV QRW
)LJXUH6HF$$73DVHDFWLYLW\RI ,09V GHULYHG IURP FRQWUROFHOOV DQG FHOOV WKDW RYHUH[SUHVVWKH ( FROL DQG % VXEWLOLV6HF<(*FRPSOH[7KH$73DVHDFWLYLW\ RI WKH ( FROL DQG %VXEWLOLV 6HF$ZDV PHDVXUHG LQWKH SUHVHQFH RSHQ EDUV DQGDEVHQFH ILOOHG EDUV RISUR2PS$ ,09V ZHUH WUHDWHGZLWK0XUHD WR LQDFWLYDWH WKHHQGRJHQRXV 6HF$ DQG RWKHU$73DVHV
)LJXUH  %LQGLQJ RI ( FROL,6HF$WR,09VGHULYHGIURPFRQWURO FHOOV DQG FHOOV WKDWRYHUSURGXFH WKH ( FROL (FDQG % VXEWLOLV %V 6HF<(*FRPSOH[HVLQWKHDEVHQFHRSHQEDUVRUSUHVHQFHILOOHGEDUVRIDIROGH[FHVVRIQRQODEHOHG6HF$ ,6HF$ ZDV XVHG DW DILQDO FRQFHQWUDWLRQ RI  Q0(QGRJHQRXV OHYHOV RI 6HF$ZHUH UHPRYHG E\ WUHDWPHQW RIWKH ,09V ZLWK D S$E GLUHFWHGDJDLQVW 6HF$ DV GHVFULEHG LQ0DWHULDOVDQG0HWKRGV
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SRVVLEOHWRGLVFHUQVSHFLILFELQGLQJRI,ODEHOHG%VXEWLOLV 6HF$WRDQ\RIWKH6HF<(*FRPSOH[HVGDWDQRWVKRZQ7KLVUHVXOWVXJJHVWVDPXFKORZHUDIILQLW\IRUWKH6HF<(*FRPSOH[WKDQWKDWRI(FROL6HF$HYHQWKRXJKWKHWUDQVORFDWLRQDVVD\VGHPRQVWUDWHGWKDWWKH % VXEWLOLV 6HF$ LV DFWLYH )LJ  7R LQYHVWLJDWH WKLV SKHQRPHQRQ IXUWKHU ZHGHWHUPLQHGWKHDELOLW\RI%VXEWLOLV6HF$WRFRPSHWHZLWK(FROL,6HF$IRUELQGLQJWRWKH(FROLDQG%VXEWLOLV6HF<(*FRPSOH[HV,QFUHDVLQJDPRXQWVRIQRQODEHOHG(FROL6HF$HIILFLHQWO\FKDVHG,6HF$ERXQGWR(FROL6HF<(*)LJ+RZHYHU%VXEWLOLV6HF$ DSSHDUHG IDU OHVV HIILFLHQW LQ WKLV FKDVH 7KH ,09V UHWDLQHG HYHQ DW D IROGH[FHVVXSWRRIVSHFLILFDOO\ERXQG(FROL,6HF$$OVRWKH(FROL,6HF$WKDWERXQGWR%VXEWLOLV6HF<(*ZDVPRUHHIILFLHQWO\FKDVHGE\QRQODEHOHG(FROL6HF$WKDQE\%VXEWLOLV6HF$7KHORZHUOHYHORIVSHFLILFELQGLQJRI(FROL,6HF$REVHUYHGZLWK,09VEHDULQJ%VXEWLOLV6HF<(*LVFRQVLVWHQWZLWK WKH ORZHU OHYHORIH[SUHVVLRQRI%VXEWLOLV6HF<WKDQWKDWRI(FROL6HF<)LJ,WLVFRQFOXGHGWKDW(FROL6HF$ELQGVWKH6HF<(*FRPSOH[ZLWKDPXFKKLJKHUDIILQLW\WKDQ%VXEWLOLV6HF$
7KHIXQFWLRQDOFRQVHTXHQFHRIWKHORZDIILQLW\ELQGLQJRI%VXEWLOLV6HF$WRWKH6HF<(*FRPSOH[ZDVIXUWKHUDVVHVVHGLQDFRPSHWLWLRQH[SHULPHQWEHWZHHQ(FROL6HF$DQG% VXEWLOLV 6HF$ IRU WKH WUDQVORFDWLRQ RI SUH3KR% 6LQFH HIILFLHQW WUDQVORFDWLRQ RISUH3KR% LV REVHUYHG RQO\ ZLWK D KRPRORJRXV WUDQVORFDVH )LJ  DGGLWLRQ RI DKHWHURORJRXV 6HF$ PD\ SUHYHQW WUDQVORFDWLRQ E\ WKH IRUPDWLRQ RI D QRQIXQFWLRQDOFRPSOH[7RDYRLGGHSOHWLRQRIWKHSUHSURWHLQVXEVWUDWHDODUJHDPRXQWRISUH3KR%ZDVDGGHGWRWKHWUDQVORFDWLRQUHDFWLRQDERXWP0ZKLFKHTXDOVWKHKLJKHVWFRQFHQWUDWLRQRI WKH FRPSHWLQJ 6HF$ GLPHU XVHG 7KH % VXEWLOLV 6HF$GHSHQGHQW WUDQVORFDWLRQ RISUH3KR%LQWR,09VEHDULQJ%VXEWLOLV6HF<(*ZDVSURJUHVVLYHO\LQKLELWHGE\LQFUHDVLQJDPRXQWVRI(FROL6HF$)LJ$,QWKHUHYHUVHH[SHULPHQW%VXEWLOLV6HF$ZDVKDUGO\
)LJXUH  %LQGLQJ RI ( FROL,6HF$ WR ,09V EHDULQJRYHUH[SUHVVHG( FROL FORVHGV\PEROV DQG % VXEWLOLV6HF<(* RSHQ V\PEROVFRPSOH[ LQ WKH SUHVHQFH RIYDULRXV FRQFHQWUDWLRQV RIQRQODEHOHG(FROL QTRU% VXEWLOLV OP6HF$ ,6HF$ ZDV XVHG DW D ILQDOFRQFHQWUDWLRQ RI  Q0 &RQFHQWUDWLRQVRI6HF$ LQGLFDWHGDUHIRUWKHPRQRPHU
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FDSDEOH RI LQKLELWLQJ WKH ( FROL 6HF$GHSHQGHQW WUDQVORFDWLRQ RI SUH3KR% LQ ( FROL6HF<(*,09V)LJ%HYHQWKRXJK(FROL6HF$ZDVSUHVHQWDWDVXEVDWXUDWLQJDPRXQW PJ ZKLOH % VXEWLOLV 6HF$ ZDV DGGHG DW D IROG H[FHVV 7KHVH UHVXOWV DUHFRQVLVWHQWZLWK WKH QRWLRQ WKDW( FROL6HF$ ELQGV 6HF<(*ZLWK D KLJKHU DIILQLW\ WKDQGRHV%VXEWLOLV6HF$
)LJXUH7UDQVORFDWLRQRISUH3KR%LQWR,09VEHDULQJRYHUH[SUHVVHG%VXEWLOLV $RU(FROL %6HF<(*FRPSOH[LQWKHSUHVHQFHRIYDULRXVDPRXQWVRI(FROL DQG%VXEWLOLV 6HF$3UH3KR%ZDVXVHGDWJSHUWUDQVORFDWLRQUHDFWLRQ
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0RVWRI RXU NQRZOHGJH RQ WKH FDWDO\VLV RI EDFWHULDO SUHSURWHLQ WUDQVORFDWLRQ LVEDVHG RQ VWXGLHV RI ( FROL +HUH ZH UHSRUW RQ WKH IRUPDWLRQ DQG DFWLYLWLHV RI K\EULGWUDQVORFDVHFRPSOH[HVFRPSRVHGRIVXEXQLWVRULJLQDWLQJIURP(FROLDQG%VXEWLOLV2XUGDWDGHPRQVWUDWHWKDWWKHWUDQVORFDVHVXEXQLWVRIWKHVHEDFWHULDFDQQRWEHXQFRQGLWLRQDOO\H[FKDQJHG DQG SURYLGH HYLGHQFH IRU KRVWVSHFLILF IXQFWLRQV (DFK WUDQVORFDVH VXEXQLWVHHPV WR FRQWULEXWH LQ DQ H[FOXVLYH PDQQHU WR WKH VSHFLILFLW\ DQG IXQFWLRQDOLW\ RI WKHFRPSOH[$SUHYLRXVVWXG\RI(FROLKDVVKRZQWKDW6HF<FDQEHVWDEO\RYHUH[SUHVVHGRQO\WRJHWKHUZLWK6HF(0DWVX\DPDHWDO7KHIRUPDWLRQRIDFRPSOH[RI6HF(ZLWK 6HF< SUHYHQWV WKH GHJUDGDWLRQ RI 6HF< E\ )WV+ .LKDUD HW DO  )WV+ LV DPHPEUDQHLQWHJUDWHG$73GHSHQGHQWPHWDOORSURWHDVHWKDWGHJUDGHVLQFRUUHFWO\IROGHGRUDVVHPEOHG F\WRVROLF DQG LQQHU PHPEUDQH SURWHLQV $NL\DPD HW DO  /LNHZLVHVWDEOHRYHUSURGXFWLRQRI% VXEWLOLV6HF< LQ(FROLZDVSRVVLEOHRQO\ZKHQ WKHSURWHLQZDVFRH[SUHVVHGZLWKHLWKHU%VXEWLOLVRU(FROL6HF(7KHUHIRUHWKHSURSHULQWHUDFWLRQEHWZHHQ WKH6HF(DQG6HF< VXEXQLWV LV D SUHUHTXLVLWH IRU WKHRYHUSURGXFWLRQRI K\EULG6HF<(*FRPSOH[HVWKDWDUHFRPSRVHGRI%VXEWLOLVDQG(FROLVXEXQLWV%RWKWKH(FROLDQG% VXEWLOLV 6HF( SURWHLQV VWDELOL]H 6HF< LUUHVSHFWLYH RI WKH RULJLQ RI 6HF< (YHQWKRXJKD VWDEOH6HF<6HF( LQWHUDFWLRQZDV DSSDUHQW IRU HDFKRI WKHKHWHURORJRXVSDLUV
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QRQH RI WKH K\EULG FRPSOH[HV VXSSRUWHG SUH3KR% WUDQVORFDWLRQ ZKLOH WKH KRPRORJRXVWUDQVORFDVH FRPSOH[HV ZHUH KLJKO\ DFWLYH 7KHVH GDWD LQGLFDWH WKDW 6HF( QRW RQO\IXQFWLRQV LQ WKH VWDELOL]DWLRQ RI 6HF< EXW DOVR IXOILOOV D FDWDO\WLF IXQFWLRQ (IILFLHQWWUDQVORFDWLRQRISUR2PS$VWULFWO\UHTXLUHG(FROL6HF$EXWZLWKWKHLQWHJUDOVXEXQLWVDJUHDW IOH[LELOLW\ ZDV DSSDUHQW $SSDUHQWO\ SUHFXUVRU VXEVWUDWHV GLIIHU LQ WKHLU OHYHOV RIGHSHQGHQF\ RQ WKH WUDQVORFDVH VXEXQLWV ZKLOH HDFK RI WKH VXEXQLWV PD\ FULWLFDOO\FRQWULEXWHWRWKHVSHFLILFLW\RIWKHFRPSOH[7KHVXEXQLWVZDSSLQJH[SHULPHQWVZLWKWKH( FROLDQG% VXEWLOLV WUDQVORFDVHVGHPRQVWUDWH WKDW VWUXFWXUDO DQG IXQFWLRQDO DVSHFWVRIWKHWUDQVORFDVHVXEXQLWLQWHUDFWLRQVFDQEHVHSDUDWHG:LWK6HF<DQG6HF(EHLQJHVVHQWLDOVXEXQLWV RI WKH WUDQVORFDVH WKH 6HF<6HF( LQWHUDFWLRQ KDV EHHQ VWXGLHG LQ JUHDW GHWDLO7KH6HF(SURWHLQVRI(FROLDQG%VXEWLOLVDUHUDWKHUGLVWLQFW(FROL6HF(LVDN'DLQWHJUDO PHPEUDQH SURWHLQ ZLWK WKUHH WUDQVPHPEUDQH VHJPHQWV 706 6FKDW] HW DOZKHUHDV% VXEWLOLV6HF( LVD VPDOOPHPEUDQH SURWHLQRIN'DZLWKRQO\RQH706-HRQJHWDO%VXEWLOLV6HF(LVKRPRORJRXVWRWKHFDUER[\WHUPLQDOSRUWLRQRI(FROL6HF(ZKLFKFRUUHVSRQGVWRWKHPLQLPDOIXQFWLRQDOVL]HRIWKLVSURWHLQ7KHILUVWWZR706RI( FROL6HF( FDQEH GHOHWHGZLWKRXW ORVV RI IXQFWLRQ 6FKDW]HW DO 0XUSK\ DQG %HFNZLWK  ZKHUHDV WKH WKLUG 706 FDQ EH UHSODFHG E\ D UHODWHGVHTXHQFHRIWKH%VXEWLOLV6HF(.RQWLQHQHWDORUE\DQXQUHODWHG7060XUSK\DQG%HFNZLWK5HVLGXHVHVVHQWLDOIRUWKHIXQFWLRQRI6HF(DUHORFDWHGLQWKHKLJKO\FRQVHUYHGF\WRSODVPLFUHJLRQ0XUSK\DQG%HFNZLWK.RQWLQHQHWDO7KLVGRPDLQLVWKRXJKWWRLQWHUDFWZLWKWKHIRXUWKF\WRVROLFORRSRI6HF<%DEDHWDO7KH VHFRQG SHULSODVPLF ORRS RI 6HF( LQWHUDFWVZLWK WKH ILUVW SHULSODVPLF ORRS RI 6HF<+DUULVDQG6LOKDY\DOORZLQJWKHSUR[LPLW\RI706RI6HF<WR706RI6HF(.DXIPDQQHWDO ,W UHPDLQV WREHGHWHUPLQHGZKLFKRI WKHVH LQWHUDFWLQJ VLWHV LVLQYROYHGLQWKHFDWDO\WLFIXQFWLRQRI6HF(,QWKLVUHVSHFWLWLVRILQWHUHVWWKDWWKHUHGXFHGVSHFLILFLWLHVREVHUYHGIRUSUO$PXWDQWVRI6HF<%LHNHUDQG6LOKDY\FRUUHODWHZLWKDORRVHQHGLQWHUDFWLRQEHWZHHQWKH6HF<DQG6HF(VXEXQLWV'XRQJDQG:LFNQHUDQGDWLJKWHUELQGLQJRI6HF$YDQGHU:RONHWDO7KHORZWUDQVORFDWLRQDFWLYLW\RI % VXEWLOLV 6HF$ ZLWK SUR2PS$ PD\ UHODWH WR SRRU UHFRJQLWLRQ RI WKLV SUHSURWHLQVXEVWUDWH% VXEWLOLV6HF$FDQ LQWHUDFWZLWK WKH VLJQDO VHTXHQFHRISUR2PS$%XQDLHWDOEXWLWV$73DVHDFWLYLW\LVRQO\SRRUO\VWLPXODWHGE\FRPSOHWHSUR2PS$WKLVVWXG\ SUR2PS$ PD\ WKXV QRW EH SURSHUO\ UHFRJQL]HG E\ 6HF<(*ERXQG % VXEWLOLV6HF$DQGWKLVLQWXUQPD\SUHYHQW6HF$IURPIXQFWLRQDOO\DVVRFLDWLQJZLWK6HF<(*,QYLYR H[SHULPHQWVLQGLFDWHGWKDWSUR2PS$FDQEHWUDQVORFDWHGE\%VXEWLOLV0HHQVHWDO EXW WKH FRQGLWLRQV XVHG GLIIHUHG IURP WKRVH XVHG LQ WKH LQ YLWUR H[SHULPHQWV DV6HF')DQGWKHSURWRQPRWLYHIRUFHPD\DGGWR WKHHIILFLHQF\RI WUDQVORFDWLRQ,Q WKH LQYLWUR V\VWHP QR SURFHVVLQJ RI SUR2PS$ZDV REVHUYHG2QHPD\ VSHFXODWH WKDW DW WKHLQLWLDWLRQRIWUDQVORFDWLRQ%VXEWLOLV6HF$H[SRVHVWKHVLJQDOVHTXHQFHFOHDYDJHVLWHOHVVHIILFLHQWO\WRWKH(FROLVLJQDOSHSWLGDVHWKDQGRHV(FROL6HF$%VXEWLOLV6HF$ELQGVWKH(FROL6HF<(*RQO\ZLWKYHU\SRRUDIILQLW\$OWKRXJKWKLVZDVQRWLFHGEHIRUHYDQGHU:RONHWDOZHFDQQRZUHODWHWKLVSRRUELQGLQJDIILQLW\WRWKHIXQFWLRQDOLW\RIWKH FRPSOH[ LQ DQ LQ YLWUR WUDQVORFDWLRQ DVVD\ 7KH REVHUYDWLRQ WKDW ( FROL 6HF$HIILFLHQWO\FRPSHWHVZLWK%VXEWLOLV6HF$IRUELQGLQJWRWKH%VXEWLOLV6HF<(*FRPSOH[LV UHPDUNDEOH ,Q WKH LQ YLWUR WUDQVORFDWLRQ UHDFWLRQ WKLV FRPSHWLWLRQ UHVXOWHG LQ WKHIRUPDWLRQ RI DQ LQDFWLYH FRPSOH[ RI ( FROL 6HF$ DQG % VXEWLOLV 6HF<(* $OWKRXJK
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D'HSDUWPHQW RI 0LFURELRORJ\ *URQLQJHQ %LRPROHFXODU 6FLHQFHV DQG %LRWHFKQRORJ\,QVWLWXWH 8QLYHUVLW\ RI *URQLQJHQ .HUNODDQ   11 +DUHQ 7KH 1HWKHUODQGVE,QVWLWXW IU %LRWHFKQRORJLH  )RUVFKXQJV]HQWUXP -OLFK *PE+ ' -OLFK*HUPDQ\
7KH(VFKHULFKLDFROL VHFUHWLRQGHGLFDWHGFKDSHURQH6HF%WDUJHWVDVXEVHWRISURWHLQV WR WKH WUDQVORFDVHE\ LQWHUDFWLQJZLWK WKH FDUER[\WHUPLQXVRI6HF$7KLVUHJLRQ RI 6HF$ LV KLJKO\ FRQVHUYHG LQ (XEDFWHULD EXW GHVSLWH LWV SUHVHQFH LQ WKH%DFLOOXVVXEWLOLV 6HF$DFOHDUKRPRORJXHRI6HF%VHHPVWREHDEVHQWLQWKHJHQRPH'HOHWLRQ RI WKH FDUER[\O WHUPLQXV RI WKH % VXEWLOLV 6HF$ \LHOGV FHOOV WKDW DUHQRUPDOO\YLDEOHEXWWKDWH[KLELWDUHVSRQVHUHPLQLVFHQWWRR[LGDWLYHVWUHVVDQGORVVRIDQXPEHURI VHFUHWRU\SURWHLQV IURP WKHFXOWXUH VXSHUQDWDQW6HPLTXDQWLWDWLYH573&5 GHPRQVWUDWHV WKDW WKHVH SURWHLQV DUH H[SUHVVHG DW ORZHU OHYHOV 7KHFDUER[\O WHUPLQXV RI 6HF$ IXVHG WR JOXWDWKLRQH 6WUDQVIHUDVH *67 VSHFLILFDOO\ELQGVDF\WRVROLFSURWHLQWHUPHG0UJ$7KLVSURWHLQKDVEHHQUHSRUWHGWRIXQFWLRQLQ UHODWLRQ WR R[LGDWLYH VWUHVV 'HOHWLRQ RI WKHPUJ$ JHQH IURP WKH FKURPRVRPHKRZHYHUGRHVQRW UHVXOW LQD VHFUHWLRQGHIHFWQRUGRHV LW FDXVHDQR[LGDWLYH VWUHVVUHVSRQVH ,W LV FRQFOXGHG WKDW WKH FDUER[\O WHUPLQXV RI WKH% VXEWLOLV 6HF$ LV QRWHVVHQWLDOIRUVHFUHWLRQDQGYLDELOLW\
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%DFLOOXVVXEWLOLV KDVDULVHQDVSDUDGLJPIRUVWXGLHVRQSURWHLQVHFUHWLRQLQ*UDPSRVLWLYH EDFWHULD SULPDULO\ EHFDXVH %DFLOOL KDYH D KLJK FDSDFLW\ IRU WKH SURGXFWLRQ RIH[RHQ]\PHV 3URWHLQ VHFUHWLRQ DFURVV WKH F\WRSODVPLF PHPEUDQH RI % VXEWLOLV LVFDWDO\]HG E\ D V\VWHP WKDW LV KRPRORJRXV WR WKH SUHFXUVRU SURWHLQ WUDQVORFDVH RI(VFKHULFKLDFROL 2YHUKRIIHWDOYDQ:HO\HWDO WKDWKDVEHHQVWXGLHG LQGHWDLO ,Q ( FROL SURWHLQ WUDQVORFDWLRQ LV PHGLDWHG E\ F\WRVROLF FKDSHURQHV WKHWUDQVORFDWLRQ$73DVH6HF$DQGD ODUJH LQWHJUDOPHPEUDQHSURWHLQFRPSOH[ZLWK6HF<6HF(6HF*6HF'DQG6HF)DVVXEXQLWV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3RO\SHSWLGHVSUHVHQWLQWKHFXOWXUHVXSHUQDWDQWRIVWUDLQ'%EXWDEVHQWZLWK'%'&ZHUH EORWWHG DQG DPLQRWHUPLQDOO\ VHTXHQFHG 7KH UHVXOWLQJ VHTXHQFHV46$6,($. DQG$($/3/<< FRUUHVSRQG WR WKHPDWXUH SDUWV RI WKH VHFUHWRU\ SURWHLQV<ZH$ 0U RI GDOWRQ DQG<RO$ 0U RI GDOWRQ UHVSHFWLYHO\7KHVH WZRSURWHLQV FRPLJUDWH RQ 6'63$*( 6LQFH WKH \LHOG RI WKH WZR SURWHLQV LQ WKH DPLQRWHUPLQDO VHTXHQFLQJ VKRZHG DQ HTXLPRODU GLVWULEXWLRQ DQG WKH SRO\SHSWLGH EDQG KDVGLVDSSHDUHGFRPSOHWHO\IURPWKHPXWDQWZHDVVXPHERWKSURWHLQVDUHDIIHFWHGHTXDOO\
7R H[DPLQH LI WKH 6HF$'& SURWHLQ VXSSRUWV HIILFLHQW VHFUHWLRQ RI SUHFXUVRUSURWHLQVWKHNLQHWLFVRI%OLFKHQLIRUPLV SUH$P\/)LJ$DQG(FROL SUR2PS$)LJ%VHFUHWLRQZHUHDQDO\VHGLQVWUDLQV'%DQG'%'&E\SXOVHFKDVHH[SHULPHQWV
)LJXUH3XOVHFKDVH H[SHULPHQWV RI SUH$P\/ $ DQG3UR2PS$ % LQ% VXEWLOLV '%DQG'%'&&HOOVZHUH ODEHOOHGZLWK 6PHWKLRQLQHDVGHVFULEHGEHIRUHDQGFKDVHG IRU LQGLFDWHGWLPHV3RVLWLRQVRI$P\/SUR2PS$DQG2PS$DUHLQGLFDWHG
3UR2PS$ZDVFKRVHQEHFDXVHWKLVSURWHLQUHTXLUHV6HF%IRUHIILFLHQWVHFUHWLRQE\(FROL'XH WR WKH UDSLGSURFHVVLQJRI WKHSUHFXUVRURQO\ WKHPDWXUH$P\/SURWHLQZDVGHWHFWHGLQHLWKHUWKHSDUHQWDORUPXWDQWVWUDLQ:LWKSUR2PS$DVLJQLILFDQWSRUWLRQRIWKHSURWHLQFRXOGEHGHWHFWHGLQWKHSUHFXUVRUIRUPDIWHUWKHILUVWFKDVHWLPHDQGQHDUO\DOO SURWHLQ ZDV SURFHVVHG ZLWKLQ  PLQXWHV 7KH SURFHVVLQJ RI SUR2PS$ LQ VWUDLQ'%'&LVVRPHZKDWVORZHUEXWVWLOOPRVWRIWKHSUHFXUVRULVSURFHVVHGDIWHUPLQ7KHVHGDWDVKRZWKDWVWUDLQ'%'&LVRQO\PDUJLQDOO\DIIHFWHGLQLWVVHFUHWLRQDELOLWLHVDQGWKDWWKH&WHUPLQXVRI6HF$KDVQRIXQFWLRQLQSURWHLQVHFUHWLRQLQ%VXEWLOLV
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'HOHWLRQRI WKH&WHUPLQXVRI6HF$VXSSUHVVHV WKHH[SUHVVLRQRIZDS$ DQG\ZH$ JHQHV6LQFHWKHSXOVHFKDVHH[SHULPHQWVGLGQRWVKRZVWULNLQJGLIIHUHQFHVEHWZHHQVWUDLQV'%DQG'%'&WKHDEVHQFHRIVHYHUDOSURWHLQEDQGVLQWKHVXSHUQDWDQWRIWKH '%'& FHOOV PD\ QRW UHVXOW IURP D VHFUHWLRQ GHIHFW EXW PD\ EH FDXVHG E\ DQDOWHUHG H[SUHVVLRQ RI WKH FRUUHVSRQGLQJ JHQHV 7R REWDLQ DQ HVWLPDWH RI WKH UHODWLYHH[SUHVVLRQOHYHOVRI:DS$<ZH$DQG<RO$LQERWKVWUDLQVVHPLTXDQWLWDWLYH573&5ZDV SHUIRUPHG 7KH P51$ OHYHOV RI ZDS$ DQG \ZH$ LQ VWUDLQ '%'& ZHUHGUDPDWLFDOO\ UHGXFHGZLWK UHVSHFW WR WKH OHYHOVRIJDS P51$ 7DEOH1R VLJQLILFDQWOHYHOVRI\RO$P51$FRXOGEHGHWHFWHGLQHLWKHUVWUDLQ7KHVHGDWDVWURQJO\VXJJHVWWKDWDORZHULQJRIWKHH[SUHVVLRQOHYHODFFRXQWVIRUWKHDEVHQFHRISURWHLQEDQGVLQWKHFXOWXUHVXSHUQDWDQWRIVWUDLQ'%'&
7DEOH P51$OHYHOVRIVHFUHWRU\SURWHLQVUHODWLYHWR*$3'+
051$ '% '%'&*$3'+  :DS+  1'<ZH$  <RO$ 1' 1'
1'OHYHOEHORZGHWHFWLRQOLPLW
7KH&WHUPLQXVRI%VXEWLOLV 6HF$ELQGV(FROL 6HF%DQG%VXEWLOLV 0UJ$:KHQIXVHGWRJOXWDWKLRQH6WUDQVIHUDVH*67WKH&WHUPLQDODPLQRDFLGVRIWKH(FROL 6HF$ KDYH EHHQ VKRZQ WR FRQVWLWXWH D JHQXLQH 6HF% ELQGLQJ VLWH )HNNHV HW DO7RLGHQWLI\DSRVVLEOHELQGLQJSDUWQHULQ %VXEWLOLVWKH&WHUPLQDODPLQRDFLGVRI % VXEWLOLV 6HF$ ZHUH IXVHG WR *67 WR \LHOG *67& %RWK *67 DQG *67& ZHUHH[SUHVVHG LQ( FROL DQG SXULILHG E\ JOXWDWKLRQHDIILQLW\ FKURPDWRJUDSK\( FROL 6HF%VSHFLILFDOO\FRSXULILHGZLWKWKH*67&IXVLRQSURWHLQDVGHWHFWHGE\FRRPDVVLHVWDLQHG6'63$*( GDWD QRW VKRZQ DQG ZHVWHUQ EORWWLQJ )LJ  7KH VDPH ELQGLQJ ZDVGHWHFWHGEHIRUHZLWKWKH*67IXVLRQSURWHLQKDUERULQJWKH&WHUPLQDODPLQRDFLGVRIWKH ( FROL 6HF$ )HNNHV HW DO  %LQGLQJ VWXGLHV ZLWK SXULILHG ( FROL 6HF%FRQILUPHG WKH LQWHUDFWLRQ ZLWK WKH *67& IXVLRQ SURWHLQ KDUERULQJ WKH % VXEWLOLVVHTXHQFHGDWDQRWVKRZQ ,WLVWKHUHIRUHFRQFOXGHGWKDWWKH&WHUPLQXVRIWKH%VXEWLOLV6HF$SURYLGHVDYDOLG ELQGLQJVLWHIRU6HF% )LJXUH%LQGLQJRIWKH(FROL 6HF%WRWKHFDUER[\OWHUPLQDOGRPDLQRIWKH%VXEWLOLV 6HF$ 7KH DPRXQW RI 6HF%SURWHLQ DVVRFLDWHG ZLWK *67 RU WKH*67&IXVLRQSURWHLQ LVRODWHG IURP(FROL ZDV GHWHUPLQHG E\ ZHVWHUQ EORWDQDO\VLV XVLQJ SRO\FORQDO DQWLERGLHVDJDLQVW6HF%
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1H[W F\WRVRO RI% VXEWLOLV '% ZDV LQFXEDWHG ZLWK *67 DQG *67& DQGERXQGSRO\SHSWLGHVZHUHDQDO\VHGE\6'63$*($ODUJHUQXPEHURISURWHLQVDVVRFLDWHQRQVSHFLILFDOO\ZLWKERWK*67DQG*67&+RZHYHURQHSRO\SHSWLGHZLWKDQDSSDUHQW0U RIN'DZDVIRXQGWRVSHFLILFDOO\FRSXULI\ZLWK*67&3DUWLFXODUO\KLJKDPRXQWVRI WKLV SURWHLQ ERXQG WR*67&ZKHQ F\WRVRO GHULYHG IURP VWUDLQ'%'&ZDV XVHG)LJDOWKRXJKRWKHUSURWHLQVDUHH[SUHVVHG WRPXFKKLJKHU OHYHOV LQ WKLV VWUDLQ )LJ% %ORWWLQJ DQG VXEVHTXHQW DPLQRWHUPLQDO DPLQR DFLG VHTXHQFLQJ LGHQWLILHG WKH N'DSRO\SHSWLGHDVWKH0UJ$SURWHLQ0UJ$FRXOGEHHOXWHGIURPLWV*67&ERXQGIRUPE\P0('7$XQGHUFRQGLWLRQVWKDW*67&UHPDLQVDWWDFKHGWRWKHFROXPQPDWHULDO
)LJXUH  6SHFLILF ELQGLQJ RI0UJ$ WR WKH FDUER[\O WHUPLQDO RI WKH% VXEWLOLV 6HF$ $ EXIIHUFRQWUROODQHDQGRUDF\WRVROLFO\VDWHRI%VXEWLOLV '%ODQHDQGDQG'%'&ODQH DQG ZDV ORDGHG RQ D JOXWDWKLRQH VHSKDURVH FROXPQZLWK ERXQG*67 ODQHV  RU*67&IXVLRQ SURWHLQ ODQHV ZDVKHG DQG WKH ERXQG SURWHLQVZHUH HOXWHGZLWK UHGXFHG JOXWDWKLRQH$RU('7$%6DPSOHVZHUHVXEVHTXHQWO\DQDO\VHGRQD&RRPDVVLHVWDLQHG6'63$*(7KHSRVLWLRQRI WKHPROHFXODUZHLJWKPDUNHUV DUH LQGLFDWHGRQ WKH OHIW DQG WKH SRVLWLRQ RI WKH0UJ$EDQGLVLQGLFDWHGRQWKHULJKW
'HOHWLRQRI WKH&WHUPLQXVRI6HF$ UHVXOWV LQ DQ R[LGDWLYH VWUHVV UHVSRQVH6LQFH WKH GHOHWLRQ RI WKH &WHUPLQXV RI 6HF$ DSSHDUV WR DIIHFW SURWHLQ VHFUHWLRQ LQ DQLQGLUHFWPDQQHUZHDOVRFRPSDUHGWKHFHOOXODUSRO\SHSWLGHSDWWHUQVRI%VXEWLOLV '%DQG'%'&)LJ%6WULNLQJGLIIHUHQFHVEHWZHHQ'%'&DQG LWVSDUHQWDO VWUDLQZHUHDOVRHYLGHQWLQWKHFHOOXODUIUDFWLRQV6WUDLQ'%'&VKRZHGDGUDPDWLFLQFUHDVHLQWKHOHYHORISURWHLQVZLWKDQDSSDUHQW0URIDQGN'DDQGDGHFUHDVHGOHYHORIDSURWHLQ ZLWK DQ DSSDUHQW0U RI  N'D )LJ % 7KH  N'D SURWHLQ KDG DQ DPLQR
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WHUPLQDOVHTXHQFHRI06/,*.(9ZKLFKFRUUHVSRQGVWR$KS&0U RIGDOWRQDSURWHLQLQYROYHGLQR[LGDWLYHDQGRWKHUIRUPVRIVWUHVV9|ONHUHWDO$QWHOPDQQHWDO,WZDVQRWSRVVLEOHWRLGHQWLI\WKHDQGN'DSURWHLQVE\DPLQRWHUPLQDOVHTXHQFLQJ+RZHYHU WKH\ SUREDEO\ FRUUHVSRQG WR$KS) 0U RI  DQG.DW$ 0U RIGDOWRQV UXQQLQJ WRJHWKHUDQG0UJ$ UHVSHFWLYHO\7KHVHSURWHLQVDUHH[SUHVVHGWRJHWKHUZLWK$KS&LQDFRRUGLQDWHGIDVKLRQ&KHQHWDO$QWHOPDQQHWDODQG WKHLU FDOFXODWHG PROHFXODU ZHLJKW LV LQ SHUIHFW DJUHHPHQW ZLWK WKH REVHUYHGSRO\SHSWLGH EDQGV 7KH SURWHLQ EDQG DW  N'D ZDV QRW LQYHVWLJDWHG IXUWKHU $KS)IXQFWLRQV WRJHWKHU ZLWK $SK& LQ WKH UHGXFWLRQ RI DON\O K\GURSHUR[LGHV &KHQ HW DOZKLOH.DW$LVLQYROYHGLQWKHUHGXFWLRQRIK\GURJHQSHUR[LGH%VDWHWDO0UJ$LVV\QWKHVL]HGDVDN'DSRO\SHSWLGHEXWKDVEHHQUHSRUWHGWRH[LVWLQDKLJKPROHFXODUZHLJKWFRPSOH[WKDWGRHVQRWFRPSOHWHO\GLVVRFLDWHHYHQDIWHUERLOLQJLQ6'6&KHQDQG+HOPDQQ7KHKLJKPROHFXODUZHLJKWIRUPRI0UJ$FRQIHUVUHVLVWDQFHWRR[LGDWLYHFKDOOHQJHZKHUHDVWKHIRUPERXQGE\*67&VHHPVWRH[FOXVLYHO\UHSUHVHQWWKHPRQRPHULFIRUP)LJ7KHVHGDWD LQGLFDWH WKDW WKHGHOHWLRQRI WKH&WHUPLQXVRI6HF$HOLFLWVDVWURQJR[LGDWLYHVWUHVVUHVSRQVH
0UJ$LVQRWLQYROYHGLQSURWHLQVHFUHWLRQ7KHSURSRVHGIXQFWLRQRI0UJ$LVWR ELQG WR '1$ XQGHU FRQGLWLRQV RI R[LGDWLYH VWUHVV DQG WR SURWHFW WKH '1$ DJDLQVWGDPDJH &KHQ DQG+HOPDQQ  7R JDLQ LQVLJKW LQ WKH SRVVLEOH IXQFWLRQDO UHODWLRQEHWZHHQ6HF$DQG0UJ$ WKHPUJ$ JHQHZDVGHOHWHG IURP WKHFKURPRVRPHERWK LQ%VXEWLOLV VWUDLQV '% DQG '%'& \LHOGLQJ VWUDLQ '%'0 DQG '%'&0UHVSHFWLYHO\7KHVHVWUDLQVZHUHQRUPDOO\YLDEOHXQGHUWKHFRQGLWLRQVWHVWHG,QDFWLYDWLRQRI WKHPUJ$ JHQH LQ WKH '%'& VWUDLQ LQGHHG UHVXOWHG LQ WKH ORVV RI WKH  N'DSRO\SHSWLGH FRQILUPLQJ WKDW WKLV  SURWHLQ EDQG FRUUHVSRQGV WR D KLJK PROHFXODU PDVVFRPSOH[RI0UJ$)LJ%ODQH7KH'%'&0VWUDLQKRZHYHUVWLOORYHUSURGXFHGWKH $KS& DQG $KS) SURWHLQ WR WKH OHYHO REVHUYHG LQ VWUDLQ '%'& )LJ %&RPSDULVRQRIWKHFXOWXUHVXSHUQDWDQWRIWKHSDUHQWDOVWUDLQVDQGPUJ$ GHOHWLRQPXWDQWVGLGQRW UHYHDODQ\ VSHFLILFGLIIHUHQFHV LQ WKHSRO\SHSWLGHSDWWHUQH[FHSW WKDW WKHRYHUDOOOHYHORIVHFUHWHGSURWHLQVLVVRPHZKDWUHGXFHG)LJ$ODQH7KLVGHPRQVWUDWHVWKDW0UJ$LVQRWGLUHFWO\LQYROYHGLQSURWHLQVHFUHWLRQ
',6&866,21
,Q (QWHUREDFWHULDFHDH 6HF% IXQFWLRQV DV D PROHFXODU FKDSHURQH GHGLFDWHG WRSURWHLQ VHFUHWLRQ 6HF% WDUJHWV SUHFXUVRU SURWHLQV WR 6HF$ E\ ELQGLQJ WR D KLJKO\FRQVHUYHG VHTXHQFH LQ WKH &WHUPLQXV RI 6HF$:LWK WKH UHFHQW FRPSOHWLRQ RI WKH%VXEWLOLV JHQRPH VHTXHQFH .XQVW HW DO  LW KDV EHFRPH FOHDU WKDW D WUXH 6HF%KRPRORJXHLVQRWSUHVHQWLQWKLVRUJDQLVP+RZHYHUWKH&WHUPLQXVRI%VXEWLOLV6HF$VKRZVDVWULNLQJKRPRORJ\ WR WKH6HF%ELQGLQJGRPDLQRI WKH (FROL 6HF$)LJ ,QWKLV VWXG\ ZH KDYH DQDO\]HG D SRVVLEOH IXQFWLRQ RI WKLV FRQVHUYHG GRPDLQ LQ SURWHLQVHFUHWLRQLQ%VXEWLOLV 6HF$2XUVWXG\VKRZVWKDWLQFRQWUDVWWR(FROL %UHXNLQNHWDO D FKURPRVRPDO GHOHWLRQ % VXEWLOLV PXWDQW RI 6HF$ ODFNLQJ WKH SXWDWLYH 6HF%ELQGLQJ GRPDLQ LV QRUPDOO\ YLDEOH DQG VHFUHWLRQ SURILFLHQW0RUHRYHU LQ YLWUR ELQGLQJ
&KDSWHU

VWXGLHVXVLQJWKHFDUER[\OWHUPLQXVRIWKH%VXEWLOLV 6HF$DVEDLWUHYHDOHGQRF\WRVROLFSDUDORJXH RU KRPRORJ RI 6HF% DV ELQGLQJ SDUWQHU 7KH FDUER[\OWHUPLQXV RI WKH %VXEWLOLV 6HF$ LVKRZHYHU FDSDEOHRIELQGLQJ WKHKHWHURORJRXV( FROL 6HF%SURWHLQ DVVXJJHVWHGSUHYLRXVO\E\LQYLYR VWXGLHV&ROOLHUE,Q(FROL WUDQVORFDWLRQRI WKHPDOWRVHELQGLQJSURWHLQ0%3VWURQJO\GHSHQGVRQ6HF%ZKHUHDVSUH0%3LVVHFUHWHGFRWUDQVODWLRQDOO\EXWLQHIILFLHQWO\ZKHQH[SUHVVHGKHWHURORJRXVO\ LQ% VXEWLOLV &ROOLHU D $GGLWLRQDO FRH[SUHVVLRQ RI 6HF% LQGHHGFDXVHGDVKLIWWRSRVWWUDQVODWLRQDOWUDQVORFDWLRQ LPSO\WKDWWKH %VXEWLOLV 6HF$LVFDSDEOHRIELQGLQJ WKHKHWHURORJRXV6HF%SURWHLQ :KHQSUH0%3ZDVHTXLSSHGZLWK WKH VLJQDOSHSWLGHRI%VXEWLOLV SUH$SU(SURFHVVLQJRISUH0%3ZDVQRORQJHUVWLPXODWHGE\WKHFRH[SUHVVLRQRI6HF%DQGVHFUHWLRQZDVUDWKHUHIIHFWLYH&ROOLHUE2XUH[SHULPHQWVVKRZWKDWWKHVHFUHWLRQRISUR2PS$ZKLFKLQ(FROL GHSHQGVRQ6HF%LVRQO\VOLJKWO\ORZHUHGXSRQGHOHWLRQRIWKHSXWDWLYH6HF%ELQGLQJGRPDLQRI6HF$IURP%VXEWLOLV,QFRQFOXVLRQ 6HF% PD\ LQIOXHQFH WKH VHFUHWLRQ RI VRPH KHWHURORJRXV SUHFXUVRUV ZKHQH[SUHVVHG LQ% VXEWLOLV EXW LWV IXQFWLRQ VHHPV QRW WR EH UHTXLUHG IRU WKH VHFUHWLRQ RIKRPRORJRXVSUHFXUVRUSURWHLQV7KH VFUHHQZLWK WKH FDUER[\OWHUPLQXV RI% VXEWLOLV 6HF$ DV EDLW SRLQWV DW WKH0UJ$SURWHLQDVDF\WRVROLFELQGLQJSDUWQHU7KHLQWHUDFWLRQEHWZHHQWKH(FROL 6HF$DQG6HF%LVVWDELOL]HGE\D]LQFLRQ)HNNHVHWDO,QDQDORJ\FKHODWRUVFRXOGGLVUXSWWKHREVHUYHGELQGLQJRI0UJ$WR WKH&WHUPLQXVRI WKH%VXEWLOLV 6HF$0UJ$LVQRWDSDUDORJXH RI 6HF% VLQFH WKH GHOHWLRQ RI WKHPUJ$ JHQH IURP WKH FKURPRVRPHGLG QRWUHVXOWLQDQ\QRWLFHDEOHVHFUHWLRQGHIHFW7KHFKURPRVRPDOUHSODFHPHQWRIWKH%VXEWLOLV6HF$ IRU D WUXQFDWH ODFNLQJ WKH SXWDWLYH 6HF% ELQGLQJ GRPDLQ UHVXOWHG LQ WKH ORVV RIVSHFLILFSURWHLQVIURPWKHFXOWXUHVXSHUQDWDQW ,QFRPELQDWLRQZLWK WKHGLVUXSWLRQRI WKHPUJ$ JHQHRQO\D VOLJKW RYHUDOO UHGXFWLRQRI VHFUHWLRQZDVREVHUYHGEXWQRDGGLWLRQDOORVV RI SURWHLQ EDQGV IURP WKH FXOWXUH VXSHUQDWDQW IUDFWLRQ 6LQFH WKH VSHFLILF ORVV RISURWHLQEDQGVFRXOGEHDFFRXQWHGIRUE\DUHGXFWLRQRIH[SUHVVLRQOHYHOVLWDSSHDUVWKDWWKH LQWHUDFWLRQ RI WKH FDUER[\OWHUPLQXV RI 6HF$ ZLWK0UJ$ LV QRW GLUHFWO\ UHODWHG WRSURWHLQVHFUHWLRQ7KH%VXEWLOLV FKURPRVRPH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'HOHWLRQRI WKHPUJ$ JHQHIURPWKH FKURPRVRPH KRZHYHU GLG QRW UHVXOW LQ D VHFUHWLRQ GHIHFW QRU GLG LW LQGXFH DQR[LGDWLYH VWUHVV UHVSRQVH %DVHG RQ WKHVH UHVXOWV LW ZDV FRQFOXGHG WKDW WKH FDUER[\OWHUPLQXVRIWKH%VXEWLOLV 6HF$LVQRWHVVHQWLDOIRUVHFUHWLRQDQGYLDELOLW\,QFRQWUDVWLQ( FROL WKH FDUER[\OWHUPLQXV RI 6HF$ LV HVVHQWLDO IRU YLDELOLW\ %UHXNLQN HW DO 6LQFH RWKHU VWXGLHV VRIDU KDYH QRW LQGLFDWHG WKH LQYROYHPHQW RI VSHFLILF FKDSHURQHVSURWHLQ VHFUHWLRQ LQ% VXEWLOLV PD\ HLWKHU RFFXU LQGHSHQGHQWO\ RI VXFK SURWHLQV RU WKHFKDSHURQHDFWLYLW\PD\EHFDWDO\]HGE\RWKHUFRPSRQHQWVRIWKHJHQHUDOSURWHLQVHFUHWLRQSDWKZD\VXFKDV6HF$DQG653
)LQDOUHPDUNV
7KHFHQWUDOFRPSRQHQWVRIWKHSURWHLQWUDQVORFDWLRQV\VWHPRI*UDPQHJDWLYHDQG*UDPSRVLWLYH EDFWHULD VKRZ D KLJK GHJUHH RI FRQVHUYDWLRQ VXJJHVWLQJ VLPLODU IXQFWLRQV DQGZRUNLQJPHFKDQLVPV6HYHUDOVWXGLHVKRZHYHULQGLFDWHWKDWWKHFRPSRQHQWVEHDULQJWKHPRVW IXQGDPHQWDO SURSHUWLHV KDYH HYROYHG WR DGDSW WR VSHFLILF QHHGV DQG FDQQRW EHIXQFWLRQDOO\H[FKDQJHG2XUVWXGLHVLQGLFDWHWKDWWKLVLQFRPSDWLELOLW\FDQQRWEHDWWULEXWHGWR D VLQJOH FRPSRQHQW EXW DULVHV IURP WKH FRPSOHWH V\VWHP 7KH PDLQ GLIIHUHQFHV
&KDSWHU







$OOH RUJDQLVPHQ OHYHQVYRUPHQ FRPPXQLFHUHQ PHW KXQ RPJHYLQJ RP WHNXQQHQRYHUOHYHQHQ]LFKWHYHUPHHUGHUHQ2UJDQLVPHQQHPHQVWRIIHQYDQEXLWHQRSDOVYRHGLQJHQJHYHQGHDIYDOVWRIIHQZHHUDDQKXQRPJHYLQJDI6RPV]LMQGHYRHGLQJVWRIIHQLQ HHQ YRUP DDQZH]LJ GLH QLHW GRRU GH FHO NDQ ZRUGHQ RSJHQRPHQ 9HHO RUJDQLVFKHVWRIIHQ]RDOVELMYRRUEHHOGVXLNHUVHQDPLQR]XUHQ]LMQQLHWYULMEHVFKLNEDDULQKHWPLOLHXPDDUNRPHQYRRU LQNHWHQYRUP'H]HNHWHQVPRHWHQ HHUVWGRRU HQ]\PHQ HLZLWWHQPHWHHQ DIEUHNHQGH RI RSERXZHQGH ZHUNLQJ JHVSOLWVW ZRUGHQ WRW NOHLQHUH PROHFXOHQ GLHYHUYROJHQV GRRU GH FHO GH NOHLQVWH ]HOIVWDQGLJH HHQKHLG ZDDUXLW RUJDQLVPHQ ]LMQRSJHERXZG NXQQHQ ZRUGHQ RSJHQRPHQ =R PDNHQ ZLM ]HOI ELMYRRUEHHOG HQ]\PHQ LQRQ]HPDDJHQGDUPHQRPRQVYRHGVHOWHNXQQHQYHUWHUHQ(LZLWWHQHQGXVRRNHQ]\PHQZRUGHQHFKWHUDDQGHELQQHQNDQWYDQGHFHOJHPDDNW2PKXQZHUNLQJDDQGHEXLWHQNDQWYDQGHFHOWHNXQQHQGRHQPRHWHQ]HHHUVWGRRUGHFHOZRUGHQXLWJHVFKHLGHQ'H ELQQHQ HQ EXLWHQNDQW YDQ HHQ FHOZRUGHQ YDQ HONDDU JHVFKHLGHQ GRRU HHQGXQQHPHPEUDDQ HHQ VRRUWYOLHV'H]HPHPEUDDQEHVWDDWXLWHHQGXEEHOH ODDJYHWWHQRIZHO OLSLHGHQ'RRU GHZDWHUDIVWRWHQGH HLJHQVFKDSSHQ YDQ GH]H OLSLHGHQ YRRUNRPW GHPHPEUDDQGDW DOOHUOHL HVVHQWLsOHYHUELQGLQJHQXLWGHFHOOHQNXQQHQ OHNNHQ HQ ]RGRHQGHYRRUGHFHOYHUORUHQJDDQ+HW]LMQYRRUQDPHOLMNGHZDWHURSORVEDUHJURWHPROHFXOHQGLHGRRU GH GXEEHOH ODDJ OLSLHGHQZRUGHQ WHJHQJHKRXGHQ'HPHPEUDDQ LV GXV LQ SULQFLSHRQGRRUODDWEDDUYRRUHLZLWWHQ2PGDWHUHHQDDQWDOHLZLWWHQEXLWHQGHFHOKXQZHUNGRHWKHHIW GH FHO HHQPHFKDQLVPH RQWZLNNHOG RP HLZLWWHQ QDDU EXLWHQ WH WUDQVSRUWHUHQ 'LWSURFHVZRUGWHLZLWVHFUHWLHJHQRHPG+HWHLZLWVHFUHWLHV\VWHHPGDWDDQZH]LJLV LQFHOOHQYDQ KRJHUH RUJDQLVPHQ ZDDURQGHU GH PHQV LV UHODWLHI FRPSOH[ GDDU GH]H FHOOHQRQGHUYHUGHHOG ]LMQ LQ PHHUGHUH FRPSDUWLPHQWHQ GLH HON RPJHJHYHQ ]LMQ GRRU HHQPHPEUDDQ'H]HFHOOHQEHVFKLNNHQ]RGRHQGHRYHUHHQVRUWHHUV\VWHHPGDWEHSDDOWRIKHWWH WUDQVSRUWHUHQ HLZLW QDDU EXLWHQ JDDW RI QDDU HHQ YDQ GH YHOH VXEFRPSDUWLPHQWHQ%DFWHULsQ EHYDWWHQ GDDUHQWHJHQ JHHQ LQWHUQH FRPSDUWLPHQWHQ =LM EHVWDDQ LQ SULQFLSHDOOHHQXLW HHQ ELQQHQ HQEXLWHQNDQW(UEHVWDDQ HFKWHU RRNYHUVFKLOOHQ WXVVHQ EDFWHULsQRQGHUOLQJ:HNXQQHQGHEDFWHULsQUXZZHJLQWZHHJURHSHQYHUGHOHQGH*UDPQHJDWLHYHHQ *UDPSRVLWLHYH EDFWHULsQ 'H *UDPQHJDWLHYH EDFWHULsQ ]LMQ RPJHYHQ GRRU HHQELQQHQPHPEUDDQHQHHQEXLWHQPHPEUDDQ'HEXLWHQPHPEUDDQ LV HHQH[WUD EDUULqUHGLHGHFHOEHVFKHUPGWHJHQDOOHUOHLVFKDGHOLMNHYHUELQGLQJHQXLWGHRPJHYLQJ*UDPSRVLWLHYHEDFWHULsQ KHEEHQ DOOHHQ HHQ ELQQHQPHPEUDDQ 'H]H ELQQHQPHPEUDDQ ZRUGW RPJHYHQGRRUHHQFHOZDQGHHQGLNNHGRRUODDWEDUHODDJYDQRUJDQLVFKHVWRIGLHGHFHOVWHYLJKHLGJHHIW 'H VDPHQVWHOOLQJ YDQ GH ELQQHQPHPEUDDQ YDQ EHLGH W\SHQ EDFWHULsQ LVYHUJHOLMNEDDU (UZRUGW YHURQGHUVWHOG GDW KHWPHFKDQLVPHZDDUPHH HLZLWWHQ GRRU GH]HODDJZRUGHQJHWUDQVSRUWHHUGKHW]HOIGH LVYRRUEHLGH W\SHEDFWHULsQ(LZLWVHFUHWLH LVPHWQDPH XLWJHEUHLG RQGHU]RFKW LQ GH *UDPQHJDWLYH EDFWHULH(VFKHULFKLD FROL 'LW PLFURRUJDQLVPHNRPWYRRU LQ GH GDUP YDQ GHPHQV +HWPRGHO RUJDQLVPHYRRU VWXGLHV DDQHLZLWWUDQVSRUWLQ*UDPSRVLWLHYHEDFWHULsQLV%DFLOOXVVXEWLOLV'LWPLFURRUJDQLVPHNRPWYRRU LQ GH JURQG ZDDU KHW DOOHUOHL HLZLWWHQ PRHW XLWVFKHLGHQ RP PRHLOLMN EHUHLNEDUHYRHGLQJVWRIIHQYULMWHPDNHQ
6DPHQYDWWLQJ

9DQZHJHKHW JURWH YHUPRJHQRPHLZLWWHQXLW WH VFKHLGHQZRUGHQ%DFLOOL LQ GHLQGXVWULH JHEUXLNW YRRU GH FRPPHUFLsOH SURGXFWLH YDQ HQ]\PHQ GLH YHWWHQ HLZLWWHQ HQVXLNHUSRO\PHUHQ DIEUHNHQ 'H]H HQ]\PHQ ZRUGHQ ELMYRRUEHHOG JHEUXLNW LQ ZDV RIYRHGLQJVPLGGHOHQ ]RDOV ELM GH EHUHLGLQJ YDQ VXLNHUVWURRS XLW VXLNHUULHW 9DQXLW GHLQGXVWULH LVHURRNYHHO LQWHUHVVH LQKHWJHEUXLNYDQ%DFLOOLYRRUGHSURGXFWLHYDQJURWHKRHYHHOKHGHQ HQ]\PHQ GLH QRUPDDO QLHW GRRU GLW RUJDQLVPH ZRUGHQ JHPDDNW]RJHQDDPGH KHWHURORJH HLZLWWHQ 2PGDW% VXEWLOLV HHQ YHLOLJ RUJDQLVPH LV RPPHH WHZHUNHQHQRYHUHHQJURWHVHFUHWLHFDSDFLWHLWEHVFKLNW OLMNWKHWHHQJRHGHNHX]HYRRUGHSURGXFWLHYDQKHWHURORJHHLZLWWHQ$OKRHZHOGH]HWHFKQRORJLHVXFFHVYROLVJHZHHVWYRRUHQNHOHHLZLWWHQLVKHWQRJQLHWJRHGPRJHOLMNRP%DFLOOLDOVHHQDOJHPHQHJDVWKHHUYRRUGHSURGXFWLHYDQHLZLWWHQWHJHEUXLNHQ+HWLVGDDURPYDQEHODQJRPSUHFLHVWHEHJULMSHQKRHGH]HEDFWHULsQHLZLWWHQSURGXFHUHQHQXLWVFKHLGHQPHWDOVGRHOGH]HNHQQLVODWHUDDQWH ZHQGHQ RP DOOHUOHL KHWHURORJH HLZLWWHQ WH SURGXFHUHQ +HW LQ GLW SURHIVFKULIWEHVFKUHYHQ RQGHU]RHN KHHIW JHOHLG WRW GH LGHQWLILFDWLH YDQ QLHXZH RQGHUGHOHQFRPSRQHQWHQYDQKHWHLZLWVHFUHWLHV\VWHHPYDQ%DFLOOXVVXEWLOLV'HHLJHQVFKDSSHQYDQKHW HLZLWVHFUHWLH V\VWHHPYDQ%DFLOOXV VXEWLOLV ]LMQ YHUJHOHNHQPHW GLH YDQ(VFKHULFKLDFROL RPHHQLQ]LFKWWHNULMJHQLQGHYUDDJZDDURPVRPPLJHIXQFWLHVYDQKHWHLZLWVHFUHWLHV\VWHHPVSHFLILHN]LMQYRRUHHQEHSDDOGHJDVWKHHU
+HWHLZLWVHFUHWLHV\VWHHP
,Q EDFWHULsQ ZRUGHQ GH HLZLWWHQ JHPDDNW LQ KHW F\WRVRO GH FHOLQKRXG GRRU HHQJHVSHFLDOLVHHUGHFHOFRPSRQHQWKHW ULERVRRP+HW ULERVRRPLVHHQVRRUWYHUWDDOPDFKLQHGLH PHW EHKXOS YDQ GH HUIHOLMNH LQIRUPDWLH GLH LQ GH JHQHQ JHOHJHQ LV HHQ HLZLWNHWHQPDDNW 'H HLZLWWHQ GLH GRRU GH FHO ZRUGHQ XLWJHVFKHLGHQ ]RJHQDDPGH VHFUHWRLUHHLZLWWHQ NULMJHQ HHQ VSHFLDDO VLJQDDO PHH 'LW VLJQDDO LV HHQ VHULH DPLQR]XUHQ GHERXZVWHQHQ YDQ HLZLWWHQ GLH ]LFK DDQ KHW EHJLQ YDQ GH HLZLWNHWHQ EHYLQGW HQVLJQDDOSHSWLGHZRUGW JHQRHPG+HW VLJQDDOSHSWLGHZRUGWGRRUKHW HLZLWVHFUHWLH V\VWHHPKHUNHQG7LMGHQV KHW WUDQVSRUW YDQ GH VHFUHWRLUH HLZLWWHQ GRRU KHWPHPEUDDQZRUGW KHWVLJQDDOSHSWLGHDIJHVSOLWVWGRRUKHWHQ]\PVLJQDDOSHSWLGDVHZDDUQDKHWHLZLWYULMNRPWDDQGHEXLWHQ]LMGHYDQGHFHO6HFUHWRLUHHLZLWWHQZRUGHQDOVHHQ ODQJHNHWHQDPLQR]XUHQGRRUKHWPHPEUDDQJHWUDQVSRUWHHUG'DDURPLVKHWYDQEHODQJRPWHYRRUNRPHQGDWKHWHLZLWGLUHFWQD]LMQV\QWKHVH WRW HHQ VWDELHOH VWUXFWXXU YRXZWRI GDW GH]HRS HHQ QLHWVSHFLILHNHPDQLHU DDQDQGHUHFHOEHVWDQGGHOHQJDDWSODNNHQDJJUHJDWLH(UEHVWDDQWZHHPDQLHUHQRPYRXZLQJRIDJJUHJDWLHYDQVHFUHWRLUHHLZLWWHQWHJHQWHJDDQ7HQHHUVWHNDQGHWLMGWXVVHQV\QWKHVHHQ VHFUHWLH ]R NRUW PRJHOLMN ZRUGHQ JHPDDNW GRRU GH]H WZHH SURFHVVHQ WH NRSSHOHQ+LHUELM ZRUGW KHW VLJQDDOSHSWLGH YDQ VHFUHWRLUH HLZLW GLUHFW QDGDW GH]H KHW ULERVRRPYHUODDW KHUNHQG GRRU KHW VLJQDDOSHSWLGH KHUNHQQLQJVHLZLW VLJQDO SHSWLGH UHFRJQLWLRQSDUWLFOH RI 653 7HQJHYROJH YDQ GH]H ELQGLQJ ZRUGW GH HLZLWV\QWKHVH YHUWUDDJG RIJHVWRSW9HUYROJHQVZRUGW KHWKHOH FRPSOH[ YDQ ULERVRRPJHGHHOWHOLMN JHV\QWKHWLVHHUGSUHFXUVRUHLZLW HQ KHW 653 QDDU KHW PHPEUDDQ JHEUDFKW 8LWHLQGHOLMN ZRUGW GHHLZLWV\QWKHVH KHUYDW ZDDUELM KHW JHV\QWKHWLVHHUGH GHHO JHOLMNWLMGLJ GRRU KHW PHPEUDDQ
&KDSWHU
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ZRUGW JHWUDQVSRUWHHUG 'LW SURFHV QRHPHQ ZH FRWUDQVODWLRQHOH WUDQVORFDWLH RPGDWWUDQVODWLH KHW PDNHQ YDQ KHW HLZLW HQ WUDQVORFDWLH KHW WUDQVSRUW GRRU GH PHPEUDDQJHNRSSHOG ]LMQ (LZLWWHQ NXQQHQ RRN RS HHQ SRVWWUDQVODWLRQHOH ZLM]H ZRUGHQJHWUDQVORFHHUG+LHUELMZRUGWHHUVWKHWYROOHGLJHHLZLWGRRUKHWULERVRRPJHPDDNWHQSDVGDDUQD GRRU GH FHO XLWJHVFKHLGHQ 'H]H ZLM]H ZRUGW YRRUDO WRHJHSDVW YRRU HHQ JURRWDDQWDO HLZLWWHQ LQ ( FROL ZDDUELM YRXZLQJ YDQ KHW WH WUDQVSRUWHUHQ HLZLWWHQ ZRUGWYRRUNRPHQ GRRU ]RJHQDDPGH PROHFXODLUH FKDSHURQQHV 'LW ]LMQ HLZLWWHQ GLH DDQ KHWVHFUHWRLUH HLZLW ELQGHQ HQ GH]H EHJHOHLGHQ QDDU KHW HLZLWVHFUHWLH V\VWHHP 'HEHODQJULMNVWHPROHFXODLUHFKDSHURQQHLQ(FROL GLHEHWURNNHQLVELMGLWSURFHVLVVHFUHWLHIDFWRU%6HF%'HVHFUHWRLUHHLZLWWHQYHUODWHQXLWHLQGHOLMNGHFHOGRRUHHQZDWHUJHYXOGNDQDDOGDWLQGHPHPEUDDQLVJHOHJHQ'LWNDQDDOEHVWDDWXLWHHQFRPSOH[YDQGULHDQGHUVHFUHWLHIDFWRUHQ6HF<6HF(HQ6HF*'LW]RJHQDDPGH6HF<(*FRPSOH[ZHUNWVDPHQPHW GH 6HF$ FRPSRQHQW 6HF$ LV LQ VWDDW RP GH FHOOXODLUH HQHUJLHEURQ $73 HHQHQHUJLHULMNHYHUELQGLQJYDQVXLNHUHQIRVIDDWWHJHEUXLNHQRPVHFUHWRLUHHLZLWWHQGRRUGHPHPEUDDQWHGXZHQ
(LZLWVHFUHWLHLQHHQUHDJHHUEXLV
+HW PLQLPDOH DDQWDO RQGHUGHOHQ YDQ KHW VHFUHWLHV\VWHHP GDW QRGLJ LV RPHLZLWWUDQVSRUW QD WH ERRWVHQ LQ HHQ UHDJHHUEXLV LQ YLWUR EHVWDDW XLW GH NDQDDOHLZLWWHQ6HF<HQ6HF(GLHLQJHERXZG]LMQLQNXQVWPDWLJHOLSLHGHQEODDVMHVYHVLNHOVHQZDDUDDQGHNUDFKWEURQ6HF$LVWRHJHYRHJG+HWJHKHOHSURFHVNDQRRNZRUGHQEHVWXGHHUGPHWHHQUXZHUV\VWHHPGDWEHVWDDWXLWYHVLNHOVGLH]LMQJHwVROHHUGXLWLQWDFWHFHOOHQ,QKRRIGVWXNZRUGW HHQ GHUJHOLMN V\VWHHP EHVFKUHYHQ YRRU % VXEWLOLV 0HPEUDQHQ PHW GDDULQ GH6HF<(*SRULHZRUGHQYHUNUHJHQGRRU% VXEWLOLV RQGHUKRJHGUXNGRRUHHQ]HHUNOHLQHRSHQLQJWHSHUVHQ+LHUELMNRPWDOOHFHOLQKRXGYULMHQVOXLWHQGHPHPEUDQHQZDDUELM]HWHJHOLMNHUWLMG ELQQHQVWH WH EXLWHQ ZRUGHQ JHNHHUG (U ZRUGW GXV HLJHQOLMN HHQ YHVLNHOJHYRUPG PHW HHQ NOHLQ YROXPH ¦EXLWHQNDQW§ ZDDURPKHHQ HHQ JURRW YROXPH¦ELQQHQNDQW§ ]LW $DQ GLW JURWH YROXPH ¦ELQQHQNDQW§ LV GH DQGHUH FRPSRQHQW 6HF$JHPDNNHOLMNWRHWHYRHJHQQDGDWGH]HXLWGHEDFWHULHJHwVROHHUGHQYDQYHURQWUHLQLJLQJHQRQWGDDQ LV 9RRU KHW EHVWXGHUHQ YDQ HLZLWWUDQVORFDWLH LV HU RRN HHQ SUHFXUVRUHLZLW DOVVXEVWUDDW QRGLJ +LHUYRRU LV JHEUXLN JHPDDNW YDQ GH SUHFXUVRUV YDQ DDP\ODVHSUH$P\/ RI KHW DONDOLVFKH IRVIDWDVH % SUH3KR% EHLGH HLZLWWHQ GLH GRRU %DFLOOLZRUGHQ JHVHFUHWHHUG %HLGH HLZLWWHQ NXQQHQ LQ JURWH KRHYHHOKHGHQ LQ SUHFXUVRUYRUPJHPDDNW ZRUGHQ LQ HHQ ( FROL VWDP GLH YHUVWRRUG LV LQ VHFUHWLH +HW ELQQHQ GH FHORSJHKRRSWHSUHFXUVRUHLZLWNRQYHUYROJHQVJHwVROHHUGHQJH]XLYHUGZRUGHQ'RRUQXDOOHEHQRGLJGH FRPSRQHQWHQ YRRU HLZLWVHFUHWLH ELM HONDDU WH EUHQJHQ ZDV KHW PRJHOLMN GLWSURFHVLQGHUHDJHHUEXLVQDWHERRWVHQ8LWKHWZHUNGDWEHVFKUHYHQLV LQKRRIGVWXN LVGXLGHOLMNJHZRUGHQGDWYRRUHLZLWWUDQVORFDWLHLQ%VXEWLOLV WZHHHQHUJLHEURQQHQJHEUXLNWZRUGHQ'LW]LMQ$73HQGDDUQDDVWHHQYHUVFKLOLQYROWDJHHQSURWRQHQFRQFHQWUDWLHDDQGHELQQHQ HQ EXLWHQNDQW YDQ GH PHPEUDDQ RRN ZHO GH SURWRQHQGULMYHQGH NUDFKW 30)JHQRHPG 1DGDW GH PHPEUDDQ ZDV NRUWJHVORWHQ YRRU SURWRQHQ ZDDUGRRU GH 30)ZHJYDOWNRQHLZLWWUDQVSRUWDOOHHQSODDWVYLQGHQLQGLHQHHQJURRWRYHUVFKRWDDQ$73ZHUGWRHJHYRHJG8LWGHVWXGLHVEOHHNGDW$73QRRG]DNHOLMNLVDOVHQHUJLHEURQWHUZLMOGH30)DOOHHQVWLPXOHUHQGZHUNW(HUGHURQGHU]RHNKHHIWDDQJHWRRQGGDWGH]HOIGHHQHUJLHEURQQHQ
6DPHQYDWWLQJ
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GRRU OHYHQGH FHOOHQ LQ YLYR JHEUXLNW ZRUGHQ YRRU HLZLWWUDQVSRUW 'H LQ YLWUR VWXGLHVWRRQGHQWHYHQVDDQGDW6HF$HHQHVVHQWLsOHFRPSRQHQWYDQKHWHLZLWVHFUHWLHV\VWHHPLVHQGDWGH]HFRPSRQHQW]RZHOYDQ%VXEWLOLV DOV(FROL DINRPVWLJNDQ]LMQ2RNLQYLYR LV6HF$ HVVHQWLHHO PDDU VOHFKWV LQ HQNHOH JHYDOOHQ LV KHW PRJHOLMN GDW ]LMQ IXQFWLHRYHUJHQRPHQNDQZRUGHQGRRUGHGH]HOIGHFRPSRQHQWXLWHHQDQGHUPLFURRUJDQLVPH
6HF*LVHHQQLHWHVVHQWLsOHFRPSRQHQWYDQKHWHLZLWUDQVORFDWLHNDQDDO
1DDVW 6HF< HQ 6HF( EHVWDDW KHW HLZLWGRRUODDWEDUH NDQDDO YDQ ( FROL XLW HHQGHUGHFRPSRQHQWGLH6HF*KHHW6HF*LVQLHWQRGLJYRRUHLZLWVHFUHWLHZDQQHHU(FROLJURHLWELM&PDDULVLQVRPPLJHVWDPPHQQRGLJYRRUJURHLELMODJHWHPSHUDWXXU&RI ODJHU 3RJLQJHQ RP KHW % VXEWLOLV 6HF* HLZLW WH LGHQWLILFHUHQ GRRU PLGGHO YDQJHQHWLVFKH WHFKQLHNHQ ]LMQ PLVOXNW (FKWHU GH FRPSOHWH HUIHOLMNH LQIRUPDWLH YDQ %VXEWLOLV ZHUGEHNHQG WLMGHQV KHWRQGHU]RHN'DDUGRRUZDVKHWPRJHOLMN RPPHW EHKXOSYDQGHDPLQR]XXUYROJRUGHYDQKHW(FROL6HF*HHQSRWHQWLsOHKRPRORRJLQ%VXEWLOLV RSWHVSRUHQKRRIGVWXN'HRYHUHHQNRPVWWXVVHQGLWHLZLWPHWGHQDDP<YD/HQ6HF*ZDV WH ODDJ RP PHW JURWH ]HNHUKHLG WH FRQFOXGHUHQ GDW KHW ]LFK LQGHUGDDG RP GH %VXEWLOLV 6HF*KRPRORRJKDQGHOGH0HWEHKXOSYDQPROHFXODLUELRORJLVFKH WHFKQLHNHQ LVKHW\YD/ JHQXLWKHWFKURPRVRRPYDQ%VXEWLOLV YHUZLMGHUG'HRSGH]HZLM]HRQWVWDQHGHOHWLHPXWDQWJURHLGHELM&HYHQVQHO DOVGHRRUVSURQNHOLMNH VWDPPDDUJURHLGHELM& YHHO ODQJ]DPHU :DQQHHU GH VHF* GHOHWLH PXWDQW JHGZRQJHQ ZHUG RP JURWHKRHYHHOKHGHQSUH$P\/XLW WHVFKHLGHQVWRSWHGHJURHLELM&'LWHIIHFWNRQZRUGHQRSJHKHYHQGRRUWH]DPHQPHWSUH$P\/RRN<YD/RI6HF*WHSURGXFHUHQ2RN]RQGHUGHSURGXFWLHYDQSUH$P\/OLHWGHPXWDQWELMODJHWHPSHUDWXXUHHQGHIHFWLQGHXLWVFKHLGLQJYDQHHQEHSHUNWDDQWDOHLZLWWHQ]LHQ+HW%VXEWLOLV <YD/OLMNW]RGRHQGHGH]HOIGHIXQFWLHWHYHUYXOOHQDOV6HF*LQ(FROL<YD/ZDVHFKWHUQLHWLQVWDDWGHJURHLELM&YDQHHQ(FROL VHF* GHOHWLHPXWDQWWHKHUVWHOOHQ
(HQPL[YDQFRPSRQHQWHQ
0HWGHLGHQWLILFDWLHYDQ<YD/LQ%VXEWLOLV GH]HFRPSRQHQWLVLQPLGGHOVLQGLWPLFURRUJDQLVPH RRN 6HF* JHQRHPG ZDUHQ DOOH EHQRGLJGH RQGHUGHOHQ YDQ KHW %VXEWLOLV VHFUHWLHV\VWHHP EHNHQG 9RRU( FROL ZDV GLW DO HHUGHU KHW JHYDO 'LW ERRG GHPRJHOLMNKHLG GH YHUVFKLOOHQGH FRPSRQHQWHQ YDQ GH VHFUHWLHV\VWHPHQ YDQ EHLGHRUJDQLVPHQXLWWHZLVVHOHQHQWHWHVWHQRSKXQIXQFWLRQHOHHLJHQVFKDSSHQKRRIGVWXN=RZDVKHWELMYRRUEHHOGPRJHOLMNRP6HF<YDQ(FROL WHFRPELQHUHQPHW6HF(HQ6HF*YDQ%VXEWLOLV$OOHDFKWFRPELQDWLHVYDQ6HF<6HF(HQ6HF*YDQGHWZHHRUJDQLVPHQGH KRPRORJH( FROL HQ% VXEWLOLV 6HF<(* FRPSOH[HQ HQ GH ]HV K\EULGH FRPSOH[HQNRQGHQ JHSURGXFHHUG ZRUGHQ LQ ( FROL $DQJH]LHQ 6HF< HQ 6HF* ]RQGHU 6HF( QLHWVWDELHO]LMQEHWHNHQWGLWGDWRQGDQNVGHYHUVFKLOOHQGHRRUVSURQJHHQFRPSOH[YDQ6HF<6HF( HQ 6HF* LQ KHW PHPEUDDQ JHYRUPG NRQ ZRUGHQ 'H DFWLYLWHLW YDQ GH K\EULGHFRPSOH[HQLVYHUYROJHQVYDVWJHVWHOGGRRUDDQGHYHVLNHOVKHW(FROL RI%VXEWLOLV 6HF$WRH WH YRHJHQ HQ KHW WUDQVSRUW YDQ SUR2PS$ DOV SUHFXUVRU XLW( FROL HQ SUH3KR% DOVSUHFXUVRU XLW % VXEWLOLV WH DQDO\VHUHQ 9HUUDVVHQGHUZLMV EOHNHQ GH]H WZHHSUHFXUVRUHLZLWWHQHONKXQHLJHQVSHFLILHNHHLVHQWHVWHOOHQDDQGHRRUVSURQJYDQKHW6HF$
&KDSWHU

6HF<(* FRPSOH[ 0HW QDPH SUH3KR% ZHUG DOOHHQ HIILFLsQW JHWUDQVSRUWHHUG GRRU GHKRPRORJH(FROL HQ%VXEWLOLV 6HF$6HF<(*FRPSOH[HQHQQDXZHOLMNVRIQLHWGRRUGHK\EULGH V\VWHPHQ 9RRU KHW ( FROL SUR2PS$ ZDV GH]H DIKDQNHOLMNKHLG PLQGHUGUDPDWLVFKPDDU HIILFLsQW WUDQVSRUWZHUGZDDUJHQRPHQPLWV KHW( FROL 6HF$ HQ6HF<DDQZH]LJZDV'H]HJHJHYHQVVXJJHUHUHQGDWKHWVDPHQVSHOYDQDOOHFRPSRQHQWHQHQKHWSUHFXUVRUHLZLW RSWLPDDO PRHW ]LMQ RP HHQ HIILFLsQW WUDQVSRUW RYHU GH PHPEUDDQ WHZDDUERUJHQ%LQGLQJVVWXGLHVWXVVHQGH6HF$HQGH6HF<(*FRPSRQHQWHQWRRQGHQYHUGHUDDQ KHW% VXEWLOLV 6HF$PLQGHU VWHUN DDQ KHW 6HF<(* FRPSOH[ ELQGW GDQ KHW( FROLHLZLW7RFKIXQFWLRQHHUWKHW%VXEWLOLV 6HF$SULPDVDPHQPHWKHW6HF<(*FRPSOH[(HQVWHUNH ELQGLQJ DDQ GH PHPEUDDQ LV EOLMNEDDU QLHW QRGLJ YRRU HLZLWVHFUHWLH LQ GLWRUJDQLVPH
'HVWDDUWYDQ6HF$
,Q(FROL ORSHQHUWHQPLQVWHWZHHURXWHVYRRUSUHFXUVRUHLZLWWHQQDDUKHWFRPSOH[YDQ 6HF$ HQ 6HF<(* 'H HHUVWH JURHS HLZLWWHQ ZRUGW DO WLMGHQV GH SURGXFWLH RS KHWULERVRRPGRRUKHW653KHUNHQGHQYHUYROJHQVQDDUKHW6HF$6HF<(*FRPSOH[JHEUDFKW$QGHUH HLZLWWHQ ZRUGHQ QD KXQ V\QWKHVH PDDU YRRU GH VHFUHWLH JHERQGHQ HQJHVWDELOLVHHUGGRRU6HF%6HF%]RUJWHURQGHUPHHUYRRUGDWKHWJHERQGHQSUHFXUVRUHLZLWQDDUKHWDDQ6HF<(*JHERQGHQ6HF$HLZLWZRUGWJHGLULJHHUG+LHUELMELQGW6HF%DDQGHODDWVWH  DPLQR]XUHQ GH VWDDUW YDQ 6HF$% VXEWLOLV EHVFKLNW RYHU HHQ 653 GDW HHQEHODQJULMNH HQDOJHPHQH URO OLMNW WHYHUYXOOHQ WLMGHQVHLZLWWUDQVORFDWLH(HQHLZLWGDW RS6HF%OLMNWLVQLHWDDQZH]LJDOKRHZHOGHVWDDUWYDQKHW%VXEWLOLV 6HF$QDJHQRHJLGHQWLHNLVDDQGLHYDQ(FROL0HWKHWGRHOYDVWWHVWHOOHQRIHUHHQDQGHUHLZLWLVGDWDDQGHVWDDUWYDQ%VXEWLOLV 6HF$NDQELQGHQLVGLWGHHOYDQ6HF$JHEUXLNWRPLQGHFHOLQKRXGYDQ%VXEWLOLV WHYLVVHQ2SGH]HPDQLHULVHHQHLZLW0UJ$JHYRQGHQGDWJHHQIXQFWLHOLMNWWHKHEEHQ LQ HLZLWVHFUHWLH ,Q HHQ VWDP ZDDULQ KHWPUJ$ JHQ ZDV YHUZLMGHUW ZDUHQ JHHQYHUDQGHULQJHQ WH ]LHQ LQ GH HLZLWVHFUHWLH SDWURQHQ 2RN EOHHN HHQ % VXEWLOLV PXWDQWZDDULQKHWLQWDFWVHF$JHQYHUYDQJHQZDVYRRUHHQH[HPSODDUGDWGHVWDDUWPLVWHJHZRRQWHJURHLHQHQHLZLWWHQXLWWHVFKHLGHQ(HQYHUJHOLMNEDUH(FROL VWDPLVQLHWOHYHQVYDWEDDU'H% VXEWLOLV PXWDQW OLHW HHQ YHUDQGHUG HLZLWV\QWKHVH SDWURRQ ]LHQ PDDU HU ZDV JHHQHIIHFWRSHLZLWVHFUHWLHZDDUQHHPEDDU'H]HUHVXOWDWHQGXLGHQHURSGDW%VXEWLOLV QLHWRYHUHHQ 6HF% JHOLMNHQG HLZLW EHVFKLNW +HW LV PRJHOLMN GDW LQ % VXEWLOLV KHW 653 HHQDOJHPHQHUROVSHHOWLQHLZLWVHFUHWLHRIGDWGHDDUGYDQVHFUHWRLUHHLZLWWHQ6HF%RYHUERGLJPDDNW
&RQFOXVLHV
'H NHQQLV RPWUHQW KHW HLZLWVHFUHWLHPHFKDQLVPHYDQ EDFWHULsQ LV GH DIJHORSHQMDUHQHQRUP WRHJHQRPHQ0HWQDPHKHWRQGHU]RHNQDDU( FROLHQ% VXEWLOLV KHHIW HHQJURWH YOXFKW JHQRPHQ (HQ YHUJHOLMNLQJ YDQ GH]H WZHH RUJDQLVPHQ OHHUW RQV GDW GHPHFKDQLVPHQ YDQ HLZLWVHFUHWLH LQ JURWH OLMQHQ RYHUHHQNRPHQ 'DDUQDDVW ]LMQ HU RRNYHUVFKLOOHQ ZDDUJHQRPHQ $OKRHZHO GH FRPSRQHQWHQ RYHUHHQNRPVW ]LMQ LV KHW QLHWPRJHOLMN GH]H ]RQGHU PHHU WXVVHQ ( FROL HQ % VXEWLOLV XLW WH ZLVVHOHQ ,Q YLWURH[SHULPHQWHQ KHEEHQ DDQJHWRRQG GDW GH VSHFLILFLWHLW ZDDUVFKLMQOLMN QLHW RS ppQ HQNHOH
6DPHQYDWWLQJ

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